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When angels take 

The souls of those 

Who dic in sin 

Against their souls, 

They say: ‘In what (plight) 
Were Ye?” They reply: 
“Weak and oppressed 
Were we in the earth” 
They say: ‘“‘Was not 

The earth of Allah 
Spacious enough for you 
To move yourselves away 
(From evil)?’ Such men 
Will find their abode 

in Hell—what an evil 


Refuge! 


Except those who are 


(Really) weak and oppressed— 
Men, Women, and Children— 
Who have no means 

In their power, nor (a guide-post) 


To direct their way. 


Sura Nisda: Verses 97, 98 
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your short biography of Professor Abdus Salam. It 
is indeed a very commendable work, and I am sure 
it will prove a great source of inspiration for 
our younger generation. 

Professor Salam's achievements are 
amatter of pride for all Pakistanis and the lucidity 
and clarity with which you have presented them in 
this eminently readable book will be most welcome 
to a large number of readers who are keen to lnow 
more about the life and work of Professor Abdus Salam. 


Please accept my most sincere congratu- 


lations. 
Yours Press J 
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Introduction 


Professor Abdus Salam has been an extraordinary 
phenomenon in the scientific horizons of the developing world 
Since the early fifties. In the Third World Scientists have watched 
his achievements with pride, affection and amazement, kcep- 
ing track of all the glowing traits he has displayed and have 
their sights sharply focused on his study and on his progress 
towards the zenith of his glory—the Nobel Prize. I belong to 
a small group of those scientists who have watched closely 
the unfolding of his genius and have felt that he might at last 
take the giant leap which would carve out a niche for him 
among the scientists who have enlarged man’s vision of the 
vast universe. It is to share this deep-seated admixture of 
feelings of admiration, affinity and hope in the destiny of the 
talent of the developing world which Salam symbolizes, that 
I have undertaken to write about Salam the man, the scientist 
and a leader of thought and action, . 

The assessment of a Scientist’s historical i Aare f 
difficult task. Some few stand out as giants of undiminishe 

. during their life-times, sink after a 
stature; many more, famous baal 
i tive obscurity. Born and brought up 
a century into compara fake dace Candee 
an exceedingly backward place in one 0 


developed regions of Pakistan, in a rather poor but respectable 
family, Salam, in his own lifetime, has become a legend for 
his brilliance and for his subtlety as a spokesman of the 
Scientific development in the developing countries. without 
any equal or parallel in the whole Muslim scientific history for 
the last eight centuries. 

Salam is the only scientist of the Muslim world to win a 
Nobel Prize in any science in the twentieth century so far. His 
work is expressed in the most precise and elegant mathematical 
language—a discipline considered at one time to be beyond 
the intellectual horizon of the Muslims of India. 

The object of study of the life of Abdus Salam is two fold: 
One is to keep in mind the question that Salam himself raised: 
“*Are we today firmly on the road to a renaissance in sciences— 
as the West wasin the 13th century at the time when Michael 
left Scotland in 1217 A.D. to study at Toledo in Spain with 
the ambition of introducing Aristotle to Latin Europe, by trans- 
lating from the Arabic texts then taught in Spain?”’. 

The task of a religion is to develop the consciences, the ideals 

and the aspirations of mankind. The obj:ct of science is to 
achieve and realize in practice the aspirations of mankind by 
developing, without prejudice or preconception of any kind, if 
possible, a knowledge of the facts, the laws and the phenomena 
of nature. The problems of creating a great Muslim society 
are immensely greater than many of us are being taught and 
led to believe. We would have been better equipped to deal 
with them if we had identified and understood their correct 
nature and the magnitude of the difficulties involved. Abdus 
Salam has attempted to identify these problems by emphasiz- 
ing that science is the mainstay of modern economic, social 
and political thought with a firm belief that a true science can 
never contradict a true religion—a belief that has established 
tolerance in the western civilization by strengthening the value 
of free thought through the provision of scientific freedom to 
study, think and discuss all subjects, including religion. . 

By remaining a deeply religious man in his personal life—a 
man who has an abiding faith in Allah, in the true Islamic 
values of temperance, of goodness, of tolerance, Salam has 
sought to show, like some other leading scientists, that great 
science is compatible with great religiosity in a personal sense. 
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He has taken pride in his Islam as he understands it, \ 
that, Salam has tried to emphasize that it is th d on NO 
to study Sciences. € duty ofa 
Salam is fully cognizant of the fact 
scientific and technological development 
onward have been exclusively a Western development 
He has, however, continued to emp j 


hasize that the scientifi 
. . c 
foundations on which the Western World built its science and 
technology arose from the Muslim scholars’ contributions 


that existed up to the 13th century. The Muslims have hardly 
as yet contributed to this industrial and technological revolu- 
tion—and as the question as to why this has happened has still 
no agreed-upon answer, the study of the life of Abdus Salam 
takes on a New meaning in this context. 

The second object of recording the main facts and writing 
about his work is that they may be of some interest to the 
general reader. I have personally little faith in any peculiar 
gifts of a genius. I believe that the basic differences between 
human intellects are considerably smaller than are generally 
made out to be. However the details of the life of Abdus Salam 
are of interest and value because they illustrate the remarkable 
progress of the development of a human mind from an un- 
developed country in science. It is hoped that a study of the life 
of Abdus Salam may bring out qualities which combine to create 
a great scientist and a towering scientific sage; as coming 
together of many qualities and many conditions are essential 
to produce a man like Salam, and by a deep analytical 
thought it may become possible to foster more such scientists 
and such sages. es ; 

By identifying and providing the conditions in which such 
extraordinary talents can grow, one may wish to start a renais- 
sance in sciences in Muslim and other developing countries. ‘i 
least it is necessary to try to quantify the qualities and con : 
tions so that the emergence of such a genius is, as far as ey 
sible, not left to chance or accidents in underdeveloped Kk : 
This was the motivating force that led me to write this oratute 

It was in 1964, while screening the world seientifi © ee the 
to compile the Muslims’ contribution to science s salamn’s 
Industrial Revolution, when it dawned on me ee etory and 
Scientific contributions are unparalleled in Muslim is 


t only 
Muslim 


that the revolutionary, 
s from the 17th century 
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so I wrote to Salam to publish the collection of all his works in 
a book form. The realization that there has hardly been any 
scientific contribution of the Muslims to the world knowledge 
of science and technology during the last eight centuries be- 
came very painful. I started looking for the explanation. It 
seems that in a Muslim society old unscientific ideas give way 
imperceptibly with time. They have become strong habits and 
deeply ingrained mental attitudes of bias and hatred. The lack 
of scientific culture has made the Muslim people disorganized. 
incoherent and without any real faith in the possibility of 
changing themselves or the world around them. Their stances 
and positions are hardened by their past laurels, and they are 
confused with questions of faith, prestige and subtle academic 
polemics. They usually develop reactions which are advanced 
as assertions of principles on which they refuse to yield. They 
completely forget that a true science will never contradict their 
religion—a true religion, and therefore continue to reject 
tolerance and freedom to scientific thought in their societies. 

The present-day Muslims think in one way, speak in another 

and act disjointedly in a third—the whole process being un- 
Islamic and un-scientific. They, however, verbally accept 
Western standards of economics, technology and science but 
claim to despise much of their social outlook. I, for one, will 
agree to exchange our mass-scale poverty, disease, corruption, 
Nepotism,, unemployment and inhuman treatment that exist in 
the Muslim world with western society’s tensions and pressures. 
frustrations, frequent divorces, homes for old people and 
cccasional suicides. There is a general realization that the 
corruption, the poverty and the hypocrisy among the Muslims 
are not due to any law of nature but are the products of their 
particular social structure, devoid of scientific culture, which 
they themselves have erected to live in. 

When Professor Abdus Salam was honoured with the Nobel 
prize for Physics in 1979, a few persons approached him for 
the “early publication of his various writings including scientific 
papers, as well as the popular articles relating to his works and 
thought”. 

Professor Abdus Salam wrote to me: “I would appreciate 
your comments on the attached proposals”. I wrote back: “‘I 
am not in favour of publishing the collection of the publication 
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of your technical pape 


TS On two Stounds—Firstly your work 
has been internation 


ally recognized with the award of the 
Nobel Prize, and secondly who in Pakistan would understand 


the significance of the original contributions of your scientific 
work. I would suggest that a book on the: ‘Achievements of a 
boy from Jhang’ along with your life-story, your experiences 
in Physics and in an alien industrialized society ae ie 
narrated to educate and inspire the youth of the Muslim a 
the underdeveloped countries. The book must have “ elas 
nd attraction to the widest spectrum of people in the a 
woud countries”. While writing this to Salam I a not 
the wildest dream that I would agree to take on and comple 


his book. I hope and pray that the readers may find it 
: Ss . . . . 
informative and inspiring. 
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CHAPTER 1 


Ancestors and Childhood 


As was customary in those days Abdus Salam, the first child 
of his mother, was born at Santokdas, Sahiwal, in the home 
of his mother’s parents on 29 January 1926. His mother’s 
father Hafiz Nabi Baksh—a Hafiz of the Holy Book—was 
serving there as a “Potwari”, a minor but resourceful function- 
ary of the revenue department of the Provincial Government 
of the Punjab. 

Whether Salam was born a genetically genius destined to 
make history is a moot question which defies any simple direct 
answer. To assess even the quality of genes the parents transmit 
to a child, all that is possible to attempt is to review the salient 
characteristics of the child’s parents while reflecting on — 
difficulties of discrimination between intellectual potentialities 
and life attitudes determined by genes and those determined by 
education and environment—and environmental factors may 
include the effects of cosmic radiation that vary with time and 
place. boosie 
Genes, education and environment coalesce constructively 
to produce a rare design usually called a genius, and the ange 
ing of a genius is, of course, through ninety-nine ee 
perspiration and one per cent of inspiration.—and 
to have happened in the person of Abdus Salam. 


fc 
; all market town Jhang. some 
200 km. northwest of Lahore. Jhang district was considered 
to be one of the most remote and underdeveloped farming 
area of the Punjab in British India. It was chiefly known for 

Hir and Ranjah’’—a legendary love story narrated and depict- 
ed in the feudal setting of its countryside. The family with 
ancient traditions of scholarship and religious learnings have 
lived in Jhang for many generations tracing its line to Bhatti 
Rajpoot princclings converted to Islam by a Muslim mystic 
about the year 1200. Abdus Salam’s father’s father, Mian Gul 
Mohammad, a religious scholar and a respected local “Hakim” 
In Jhang town, had two sons. The elder son, Ch. Ghulam Hus- 
sain, about seventeen years senior toCh. Mohammad. Hussain, 
was a bright student and stood first in eighth and second in tenth 
class examination of the Punjab University. After graduating 
from Forman Christian College, Lahore, he entered the Pro- 
vincial Education Service and retired as District Inspector of 
Schools in 1932. He was the first member in the family to em- 
brace the faith of an Ahmedi Muslim. It was his daughter, 
Imtul-Hafiz Begum, whom Salam married in 1949. 

Ch. Mohammad Hussain was born on 2 September 1891. 
There is little information about his performance in school. 
Probably it was normal like that of any other boy of Jhang. 
However, after completing his studies in Jhang, he left for 
Dera Ghazi Khan where Ch. Ghulam Hussain was then serv- 
ing as an Assistant Inspector of Schools. In 1913 he joined 
Islamia College, Lahore, for his B.A. but somehow he could 
not succeed in getting his B.A. Degrce though he stayed on 
in Lattore for five years, until 1918. While a student at Islamia 
College, he joined the fold of Ahmedia Community in 1914. 
Ahmedia Jamaat, at that time, abhorred the philosophy of 
Jihad of the sword and preached peace, alegiance and loyalty 
to the Government of the Day. This produced strong social 
protests and displeasures of the majority of the Muslims in 
the Punjab. Under these conditions Ch. Mohammad Hussain’s 
conversion to Ahmedia Jamaat indicated in his character a 
spirit of enterprise and his defiance of the public opinion. His 
elder brother must have had some inspirational influence on 
him for this change but he met a strong disapproval from 
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the other members of his biradari (Kinsmen). These confij ti 
pressures Of society fostered anxiety, strain, sensitiv Se 
insecurity in him and in his family however then ei ang 

1 the anit a dcaia > eligious 
zeal, the unity and discipline of their community opened the 
way for the fuller development of their mental Capabilities, 

Ch. Mohammad Hussain was scrupulously honest and fasti- 
diously clean in his personal life. Being kind and considerate 
he had a congenial character with pleasing manners. He was a 
religious person who was respected by all who came in contact 
with him for his piety. At the same time, he tried to do his 
duty conscientiously, was decent, had tremendous self-respect 
and moral courage—the readiness to stand up for what he 
believed to be right. He was more cultivated than most men 
at that time in Jhang. He stimulated simplicity, tenacity and 
self-confidence among his children to achieve their goals. 

He took his first job as temporary “English teacher” in 
Government High School, Jhang, in 1920, teaching science, 
mathematics and English to ninth and general knowledge to 
tenth class students. Later on, he obtained the position of 
Head Clerk in the education office of District Board, Jhang. 

He got married first in 1920 at the age of twenty nine to 
Saeeda Begum who died in child-birth on 30 April 1922, having 
delivered a daughter named Masooda Begum. This was a 
traumatic experience for Ch. Mohammad Hussain. It struck 
deep in his person and turned him even more to prayer. 
helplessness of seeing himself widowed after two years es 
marriage and the added caring responsibility of pia = 
baby daughter solicited soul searching and es senate 
for a fruitful future life. Every man has desired in va ; 

Mohammad Hussain praye 
shades, to have a son but what ; 4 work 
in whom he could invest and wor 
OL ROW Mas tO ee ify his own image of 
on to develop a great man to nullity 


failure in life. 


Chaudhary Sahib once told me, while we stayed together in 


; : nd 
Swat in August 1965, that with a ae eee 
begged GOD to supplement his impoverishe gon of unique 
spouse who could give birth to an a as prayers until 
intellectual capabilities. And he persisted + Beguin, His belief 
he got remarried on 12 May 1925 eee when on 3 
in his prayers according to him, was re 
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June 1925, during evening prayers, he had a vivid perception 
that a son would be born to him and he selected his name to 
be Abdus Salam. Then he had six more sons and a daughter, 
Who can say that a child born out of love, longing and prayer 
has the greater probability of inheriting superior genes than 
others born less solicitously. 

For his son, Salam, Ch. Mohammad Hussain became an 
exceptionally unusual man as he desired for his son a successful 
and lucrative career in the Indian Civil Service and this led to 
meticulous care for the health and well-being of the baby. It 
became a case of low living and high-thinking. With total 
faith in the destiny of his son, he devoted his full attention to 
secure a sound education and superb training for Salam. 

It became his life’s mission, through persistent concern and 
ardent desire, to see Salam excel in studies—a desire that 
transmuted various accidents in Salam’s life into unique oppor- 
tunities for him to develop and advance in life. Astonished by 
the magnitude of the efforts that the father made, it seems 
that intuitively he knew that “he who struggles with joy in 
his heart, struggles more keenly because of that joy’’. It was 
obvious to the father that the system of education prevalent 
at that time had deprived the country of the services of many 
potential top-class academicians and leaders from the poorer 
ranks of society. He, therefore, became more concerned to 
avoid the possible pitfalls the child might encounter along his 
way to sound education. Therefore, on priority basis, the 
parents concentrated their attention on building robust health 
of the baby and that is how the baby won the first prize at the 
age of two for being the healthiest child in Jhang town. 

Then his mother taught him to read and write before he went 
to school. So he was trained and disciplined at home to make 
him catch up with the children advanced in age. As a matter 
of fact, the child was not born in a primitive society in the 
sense of the expectations already held by his parents. The 

mother gave him a sense of security and of being loved, 
allowing him as much freedom as possible for environments 
to proceed with his education. 

Salam’s mother was a much simpler character. She too had 
descended from the very core of a fervently religious family. 
Her elder brother had been a Muslim missionary in what is 


bp) 


love and stability that comes 


more easil ; 
She was a fundamentally sily from a simple heart. 


' contented woman, with th 
tentment that is Squarely based on the love of her family love 


of her religi : we 
and kind een ane the simple rath that it is better to be good 
that Salam inherited his looks. tS mother 
is father would tell him many exciting stories of fiction, 
sens and sami ston. He woud sobequnty ak the 
at he could retain and grasp their 
essence, and could cultivate the qualities of a good speech. 

The father would assist Salam to place emphasis on appro- 
priate statements with correct change of pace and of pitch. 
and the right use of pauses. A stage came when father had to 
search for new books to narrate stories to the child as he 
would not listen to ones he had already heard. This approach 
developed a keen interest in the child to read books and 
magazines with his own effort. So the father became responsible 
for cultivating in the child an appetite for studying widely and 
retentively. The young Salam was urged to write out the 
summaries of the stories he read by acquainting him with hard 
practice which made composition easy for him as he learnt to 
write down his thoughts quickly and fluently. He made good 
use of his time and formed habits of work that have lasted 
throughout his life. Ever since his mental appetite has 
remained insatiable. ; 

He was sent to M.B. Middle School when he was six and a 
half years old. The Headmaster Mirza Ghulam Abid who was 
personally known to Ch. Mohammad Hussain accepted Salam 
in the fourth class without making him take the ea ther’ 
and Salam got off to a tremendous start with ns ee a : 
enthusiasm, good health and passing the fourth class 

. . t talents were successfully launched 
age of eight. So his great te'v"™ 1. the father would 
before the age of seven. While in sno children’s magazine 
encourage him to write articles for tne tas ccessfully culti 
in the local paper. Evidently, a happy 49 
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vated infancy was of decisive importance in his life-history, 
He provides evidence for the claim that rearing and education 
up to the age of seven determine the character. He never 
developed boyish tastes. He showed no faults of youth. 

The boy possessed an immensely retentive memory. While 
in his fourth class he committed to memory multiplication 
tables up to forty. He also learnt numerous long passages 
and historical quotations of eminent men by heart to write 
essays and to annotate. As a child he started studying the 
Quran with translation and that is how he took Arabic as an 
elective subject in his matriculation curriculum. His school 
report for the year 1934-36 recorded: “‘Abdus Salam stood 
first in the fourth class examination held at the Jhang Centre 
in March 1934. Got first prize in penmanship at the Edu- 
cational Exhibition held in March 1936 from D.C. Jhang.” 
His report of VII class contained: “Stood first in the first aid 
class held in July 1937. Got first prize in penmanship and in 
map drawing at the Educational Exhibition held in March 1937.” 

The father would take Salam on bicycle to visit ginning 
factories, dams, bridges and railway steam engines and would 
instruct him after the visit, to learn more about them by study- 
ing the relevant library books. In his span of studentship the 
main benefit he derived not so much from listening to lectures 
and swotting up the textbooks, but from studying books which 
were not prescribed reading. 

He was helped and encouraged to prepare his lessons before 
they got taught at school the next day. The principles he im- 
bibed and the habits he formed under the guidance of his 
father determined the character of his life. His father was 
responsible for generating in Salam the desire for the 
limelight. He was given a start in life with all the gifts, 
an excellent brain, extraordinary attention and a strong 
physique. He developed a deep self-confidence in his ability 
to achieve his targets. Through a retentive memory he also 
cultivated powers of reasoning based on keen and enlightened 
observations. 

He passed his eighth grade by standing first in the district 
and fifth in the province at the age of twelve in 1938 securing 
591 marks out of 700. This year he won a prize of two 
rupees for Album at the Exhibition. His Headmaster 
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not completely. He 
College, Jhang, from 9th to 12 Class, A 


under his direct supervisi 
in the term examination 


of the story of Qutub-uddin Aibak who when defeated by 
Pirthavi Raj got his army general to be fitted with the 
grain basket and asked him if he (Salam) should also be 
in the same way. 

Probably this was the beginning and the end of Salam’s 
lassitude as from that day onward he stood first in all the exami. 
nations he took in Pakistan. When his father was told that the 
child should not have been forced to study long hours and 
Subjected to worries and anxieties as he might have broken 
down under too heavy a burden, the father replied that the 
son of a proud Muslim Rajpoot family was expected to struggle 
and win in a scholarship from his competitors. One has to 
ascribe great importance to Salam’s early upbringing and the 
strict principles his father inculcated in the formation of his 
particular mental habits. Salam drew inspiration from princi- 
ples which recognize the immediate influence of a supreme 
power as a guide in the conduct of life and encourage ve ings 
of self-confidence and pride in the achievement of invereetn . 
as well as moral triumphs. A sense of commitmen anvil fo 
released Salam’s creative energies and generate a wholesome 
hard work while drawing much sustenance toe rogress of 
family life. The father regularly monitored the prOés © 
the boy in the school. Before the matriculation 


i ° ational attainments 
i of Salam’s educ 
vad concluded th ane s relatively weak in science 


and concluded that ine boy wo «Sather revealed that the 

* i nguage. in the 
practicals and Arabic la to stand first in 

the boy ; 

uldn’t care less for . ‘versity. This sent 

vratrizalation examination of the Punjab ve y rllectua- 

the father crusading to all the teachers conc , 

e father 


horses’ 
treated 
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lizing and emphasizing the benefits the teachers and the COllege 
would derive, if his son topped the University list. So the 
teachers agreed to provide the extra guidance to the boy in 
building up his proficiency. 

The father urged the child to practise extensively in Essay- 
Writing and solicited the comments of the local writers particu. 
larly the renowned poet Sher Afzal Jafri of Jhang for improving 
the quality and style of Salam’s writings. 

At the intermediate level at Government College, Jhang, the 
father approached the principal for advice on the quality of 
the essays that Salam had written. The principal advised that 
Salam should restrict his tendency of quoting extensively the 
passages of other writers in the main body of his essays. 

In his second year at Jhang College, Salam became the Editor 
of the College magazine “The Chenab’’ and wrote an article 
establishing the date on which Mirza Ghalib changed his 
“nom de plume”. This article appeared in print in “Adabi 
Dunyia”—a front-rank Urdu literary magazine—in 1943, 
Salam has always felt proud of this article which represents 
high traditions of literary search, scholarship and taste. 

In 1942 Salam joined Government College, Lahore, for his 
B.A. degree—the premier college of the Punjab. His father 
was then working as Head of the office of the Inspector of 
Schools of Multan Division, at Multan. Salam could have 
joined the degree College at Multan and stayed at home. But 
the advice of all friends was that he should join the best college 
and get the best education. So he joined Lahore as a boarder 
at the New Hostel at the age of sixteen. His father accompanied 
him to Lahore when he was due to appear before the 
admission board of Government College. 

At Government College Lahore, during his B.A. studies, 
Salam started to spend some time in playing chess in the hostel 
where he was living for the first time, away from his own 
family. Since Salam was the hero of the Muslim students, from 
his matriculation examination results onward, his fellow 
Muslim boarders worried about his performance in the B.A. as 
against the Hindu and Sikh competitors and wrote to Salam’s 
father. When this news reached his father, he was distressed 
and advised the boy to stop wasting time with a reminder of 
keeping his life’s goals in focus. The boy not only stopped 
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playing chess but also started putting in concentrated hours of 
study, near the examination, by getting the door locked from 
outside to avoid interferences from other fellow students of 
the New Hostel. 

During the college days in his third year, Salam found a 
number of his friends appearing for an interview for Superior 
Railway Engineering Apprenticeship Scheme. Salam too 
appeared for the competition, and was selected. He never 
seriously desired to consider this for a future career; for one 
thing the glasses, which he had worn since before his matricu- 
lation, would have made him ineligible for the Railway service. 
After the selection Salam declined to join the service. 

During those days there was no Semester System and there 
used to be perfect discipline in the examination halls. Hardly 
two percent of the students used to get first class marks, which 
meant more than 60°% in aggregate, in the University exami- 
nations. 

By all standards Salam proved himself to be a prodigy as he 
stood first in all the University examinations from matric to 
M.A. securing the highest recorded marks in the Punjab Uni- 
versity, in the matriculation and the B.A. examination. In his 
B.A. he topped the lists in each individual subject of study — 
English, English literature (for honours) as well as pure and 
applied mathematics. In the University’s history he was the 
second boy to top the list in all its examinations. His topping 
the list and creating a new record in the matriculation (Roll 
No: 14888) was a sensation since the matric examination was 
considered then a communal tug of war between Muslims, 
Hindus and Sikhs which Muslims invariably lost. The other 
person to have this distinction was Hafiz Abdul Majid who 
became an ICS and retired as a senior civil servant of the 
Government of Pakistan. A third genius who revealed the 
potential for recognition in the mathematical world was Inayat 
Ullah Mashriqi. He also got allured by the Indian Civil Ser- 
vice but later on resigned to start Khaksar Movement in British 
India. At Government College, Lahore, Salam served as 
Editor-in-Chief of the College magazine and also as President 
of College-Union. 

The prospects for a talented young scientist in the sub- 
continent were bleak as there existed no situations in the 
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government and no position in society to which hope can point 
or to cheer him in his laborious path. The work could neither 
be valued nor trusted in the gutted slums of the world civili- 
zation. The situation has hardly improved till today and is likely 
to remain this way in the future because of sub-standard 
leadership in an under-developed society of men. So with a 
practicality of mind what the father desired for his son was 
first the education he could secure, and then an entry into 
the Indian Civil Service, the Core of the bureaucratic Estab- 
lishment, and the steel-frame of British Raj in India. Having 
failed to get a degree for himself, like Motilal Nehru who also 
aimed for Jawaharlal Nehru to join the Indian Civil Service 
as a first Kashmiri Pundit. he encouraged Salam to win acade- 
mic distinctions before sitting for the competitive examinations 
for recruitment to the Civil Service. This was more for the 
prestige and power which membership of this service carried 
than for the financial rewards it directly offered. Salam also 
became convinced that the life of an ICS was the most re- 
warding of all professions and, therefore, he targeted to prepare 
himself for becoming one by standing first in its competitive 
examination and to become the senior most official of the 
batch of that year. 

Normal work of the classes was considered insufficient for 
him as he read widely and methodically. By the time he com- 
pleted his M.A. degree, he was an accomplished scholar in 
his own surroundings and had shown plenty of ability for 
independent thinking. In addition to his mathematical studies 
he was well versed in philosophy, had read fairly widely in 
Islamic history, and acquired working knowledge of economics 
and political science. Each book that gave him a new and 
wider horizon left an indelible imprint on his mind. He became 
a man of ambition and character determined to achieve new 
heights in life. Salam wrote his first mathematical paper in his 
fourth year in 1942 on “SA Problem of Ramanujan”. It was 
published in Maths. Student—Vol. XI, Nos. 1—2, March— 
June 1943. In this paper Salam advanced a simple technique 
for solving a particular set of equations eliminating the 
laborious method worked out by Ramanujan. 


Examination Year 


8th Class 1938 


Matric. 1940 


F.A. 1942 


BAL... 19-44 


M.A. ... 1946 


ABDUS SALAN’S ACADEMIC ACHIEVEMENTS IN PAKISTAN 


Subjects 
Science & Arabic 
Science & Arabic 


Physics, Maths. & 
Arabic was 


Mathematics A & B 
Courses & English 
Honours. . 


Matheniatics 


Position Scholarship Woa Marks Obtained 
First in Jhang Distt. .... Rs. 6/- a month, 59t out of 700 
First in the Punjab Rs. 20'- a month (Govt. scholarship) 765 out af S40 


University. New Record Rs, 30/- a month (Ahmediyya 
Jamaat scholarship).** 


First in the Punjab Uni- Rs. 30/- a month (Gove scholarship) $55 out of 600 
versity, Rs, 45/- a month (Ahmediyya 
Jamaat scholarship). ** 


First in the Punjab Uni- Rs. 607- a month (Govt. scholirship) 482 out of S00 
versity. New Record. Ist Rs, 60% a month (Ahmediyya 
in each individual subject | Jamaat schohirship).** 
(English, Mathematics & 
English Honours) 


First in the Punjab Uni- Rs. 550° a month (Puqiab Goven | S72 out of eda 
versity. was scholarship for studies abroad at 
Cambridge.) 


** ‘The Ahmediyya Jamaat Scholarships were announced for the fiest time atthe Atmadiyya Jubilee in 1939, to be awanted on 
the basis of talent if the scholar won Ist. 2nd or 3rd place in the University, Salam was the tipst Giad of the few) to quality, 


If 


CHAPTER II 


The Crucial Period (1946-1954) 


In 1940, on account of the second world war, the first accident 
that Salam has talked of that turned Salam to science, the 
annual competitive examination of the Indian Civil Service was 
suspended for an indefinite period depending upon the final 
conclusion of the war and the resumption of normality in 
international relations. In 1944 when Salam won his B.A. 
degree by securing the highest marks ever recorded, it became 
objectively prudent for Salam to consider a second choice of 
career for himself as the war had not then ended. With this 
consideration of flexibility Salam, although good at English 
Literature, was advised to take up Mathematics in his M.A. 
Course so that it may lead him to scientific research. It was 
widely known that mathematics was not a particularly happy 
choice for the Civil Service examination, but the new situation 
demanded a preference for Mathematics. However when in 
1946 Salam again topped the list in the university in his M.A. 
examination by securing five hundred and seventy three marks 
out of a total of six hundred, a reappraisal for the future course 
of his life became essential, as the British Government of India 
had decided to hold the competitive examination in 1947, still 
an year off from 1946. During this period Salam’s restless 
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father continued to solicit and 5 : 
academicians in the Punjab ay oo the Muslim 
may be advised to launch on. Career Salam 

There was no indigenous Scientific ¢ 
that time. The Indian scientist was a 
community of the United Kingdom 
mostly guided and evaluated by his ability to contribute ¢ 
that community. As the maximum age for entry into cj 

: civil 
service was twenty-five years, it was advisable for Salam to 
keep his options open and to pursue, if possible, higher studies 
abroad. During the process of these Consultations, Salam’s 
father also approached Mian Afzal Hussain, the younger 
brother of Sir Fazal Hussain, one-time Chief Minister of the 
Punjab. 

Mian Afzal Hussain, who was Vice-Chancellor of Punjab 
University when Salam had first become famous in 1940 with 
his Matriculation Examination result, had ‘kept in touch 
with Salam and his father all this time. He it was who advised 
Salam to go to Cambridge for part II Mathematics Tripos 
and not to get direct admission to a Ph. D. Course in England 
as was usually done by majority of the Indian Students holding 
M.A. degrees from the subcontinent. He emphasized that 
before one started working for a Ph. D. on the frontiers of 
knowledge where theory sometimes becomes a doubtful guide, 
it was essential and indispensable to take a clear-sighted look 
at the frontiers to become aware and to identify the problems 
one was expected to tackle. 

While Salam made himself available for any challenge that 
came along and was quite capable of coping with it, his father 
was in a fix. as he could not afford to send Salam abroad for 
further studies. He could not even demand from the see 
ment the opportunity that was its obligation to provide to his 

i cademic record. Probably 
son who possessed such a unique a “main accidents” 
that is why Salam has talked about the three main ike 
that turned Salam into a research scientist. In hehe failed, 
emphasises that Societies of developing ganna es 
in varying degrees, to establish ee Saree talent to its 
one may get the opportunity . coe ae of “accidents” 
maximum potential. And this ts the sap humanity, while 
which assisted all great men to survive lor 


adre or community at 
member of the Scientific 
and his Activities were 
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there were many others who got lost in the absence of coinci- 
dences of accidents in their lives. And these IMPERFECTIONS 
and shortcomings of our systems belie our claim that we live in 
a scientific-age; as in reality, we merely want science to serve 
our material needs without inculcating the discipline of scienti. 
fic logic and thought in our public and social actions. 

The turning point in Salam’s life came with the help of a 
person named Khizar Hayat Tiwana, a unionist and one of 
the biggest fuedal landlords of Sargodha District in the Punjab. 
He never encouraged or promoted education in his own Kahlra 
Estate where thousands of farm labourers worked on his land 
Spread over tens of thousands of acres. 

Khizar Hayat collected funds to the tune of rupees one 
hundred and fifty thousand to support the British war effort; 
but the war ended in 1945. He became the Chief Minister of 
the Punjab in Coalition with the Congress Parliamentary 
Party in 1946. As the funds were left unutilized he decided, 
probably under advice from a senior civil servant, to institute 
scholarships for Small Farmers’ Sons for study abroad. To 
restrict this benefit to small farmers’ children, the condition 
imposed was that a farmer’s land revenue-tax must not exceed 
rupees twenty-five a year. In order that Salam might qualify 
to compete for this Scholarship, his father obtained the desired 
certification from the Deputy Commissioner of district Gurdas- 
pur, where Salam’s father owned a small piece of land given to 
him by his brother who was now living in that district (the 
second “accident” in Salam’s life). 

Salam had no difficulty in winning the scholarship along with 
these other scholars. The scholarship was for a duration of 
three years at the rate of ‘pounds’ 375/- a year. The exchange 
rate at the time was about thirteen rupees to a British pound. 
Salam, on the advice of his teacher Mr. Abdul Hameed of Govt. 
College, Lahore, and because of his extra perception and antici- 
pation, had taken good care to apply to Cambridge simultane- 
ously. While the other scholars were promised admission for 
the subsequent years, Salam received a cable on the same day 
he won the scholarship, 3 September 1946, saying that an 
unexpected vacancy had come up at St. John’s College. 
Prof. Dirac, who had won the Nobel Prize for Physics in 1933, 
for his outstanding work in quantum mechanics, lived and 


worked at St. John’s Colle 
join the Collegz in October, 
age at a time when most Engli uy. VAS lO get a pass. 
to England in anticipation of India’s fre 
advised to remain available at Bo 
: mba 
chance that he might get a departin 
= hoe with the very first eal 
eft on 8 September carrvi : 
and some 600 Elalich a ae 600 Italian Prisoners-of-war 
cota ee 
, ext perience and wisdom to identif 

nurture talent in its characteristic time-honoured preg 
So it was natural for Cambridge to spot an alu: 

otential and offer hi issi ee 
po offer him admission at short notice. Ho i 
still needed an unfilled place for him which ae Oh ; 
up. It was lucky that he left that September, 1946 pa ritie 
following year came Partition, and with it the soheine was 
cancelled for the other three who could not leave in 1946 (the 
third main accident Salam had talked of). Salam’s father always 
said that the entire exercise of Khizar Hayat Khan to collect 
eS iar hati was designed for one purpose—to send Salam to 

ambridge. 

Salam went to Cambridge in October, 1946, quite self- 
confident, and suitably satisfied with what he had already 
achieved. He was fully aware that he had reached a new world 
where he must move fast to remain at the top. On the other 
hand, there was also the realization that he was paying the 
price of three years’ precious time of his life for being born in 
an under-developed society. Had he been born in England, 
he would have done his Tripos from Cambridge in 1946, the 
year he was going to commence his studies for Part I mathe- 
matics in Tripos. Salam recalls that the first person who met 
him at the Liverpool docks when he got to England ees 
Sir Mohammad Zafrullah Khan, then member of the bercas : 
council, who had come to fetch a relation of his travelling on 
the same boat. Sir Zafrullah gave the shivering = a a 
great-coat to protect Salam from the biting Sa at the 

It was Salam’s first experience at Cambridge fo cen eng- 
frontiers of knowledge from those who Welt pasa t- 
‘ freee d that the lecturers never attemp 
aged in advancing it. He foun t 


entific learning in 
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ed to cover a subject comprehensively as the students Werte 
expected to fill the gaps with their own reading. Hardly any. 
thing got left out for being outside the prescribed syllabus. 

Cambridge captivated him. It added a further spur to his 
ambition to make his mark and to justify the expectations of 
his father and all his well-wishers. He plunged into the exhila- 
rating atmosphere of the University with a mixture of excite- 
ment and ambition. 

He had clearly made up his mind to succeed without allowing 
himself to be influenced by a different social structure in 
England. Salam recalls that, during the study of his inter- 
mediate Physics in Pakistan, he could not comprehend the 
concept of “‘stress’’ and ‘strain’ as the author of the book, 
that he studied, was himself confused about it; it was later on 
that he, on his own, disentangled the fact that ‘one is the cause 
and the other is the effect’. At Cambridge Salam found the 
style of the lectures not very different from the ones he had 
already experienced at the undergraduate level, though he was 
most influenced through the tutorial system of Cambridge 
where a tutor would come out during the middle of the year 
with a ten-year old examination ‘paper and would ask the 
student to solve it! At Cambridge with many of his teachers 
Salam formed lasting friendship and remained in close contact 
with most of them in later life. 

Sir Edward Appleton, Nobel Laureate of 1947 for his 
investigations of the physics of the upper atmosphere especially 
for the discovery of the Ionosphere, wrote of Cambridge of 
the 1920’s that there were three ways of being unpopular in 
Cambridge. These were: 

“to be known outside Cambridge, to know something about 

a subject other than that which you had taken in your degtee 

examination and to be able to write simple English which 

anybody could understand”. 

Salam, however, believed that he could afford to think that an 
exclusively scientific training brought about a mental twist as 
surely as an exclusively literary training. He decided not to be 
a lopsided man, he was of the view that a man who devoted 
his Jife to one science or interest was unlikely to have significant 
imaginative deductive ideas. The fertility of mind, for him, 
gets sterilized by a monoculture, The mind, like the earth, 


enriches from a rotation " 
fertility. of Crops and enhances its own 
With this philosophical approach, § 

Cambridge for fourteen to sixteen hours = 
and deeply, not only mathematic 
but also history; history of Islam 
of India. He read all the seri : “of 

reading Max Muller’s Teabue sir religions even 


f ons of Hindu seri 
Vedas and Upanashidas-all available at the fine arpa 


hensive library of St. John’s College where Salam spent most 
of his time in mathematics. He completed his three years’ 
Tripos course in two and became a wrangler without much 
difficulty. In fact in his second year he was already attending 
the third year lectures in Quantum Mechanics and Relativity— 
subjects he was to specialize in later for research in theoretical 
physics. Wrangler is a Cambridge traditional term for a first- 
class mathematician. 

According to Lord Hailsham, the difference between those 
who are admitted first class in their own field, and those who 
are not, lies very often in the fact that the “firsts” are able 
to formulate a coherent account, in lucid terms, of what they 
are trying to do or what they believe, whilst the others are not. 

This is of course not always true but it describes Salam ex- 
ceedingly well. ; 

Salam, was and still is a slave to his work. He acquired, 
and has retained an almost unlimited capacity for absorbing 
information,—great powers of concentration, and meticulous 
habits of scholarship. Academically he is exceptionally eife®, 
and being intensely restless and competitive by nature, nee 
full use of his gifts at Cambridge. In the process he has sur 
prisingly maintained good health. Probably a man does . 
work himself to death unless his work sets UP © quae 
emotions. Emotional stress is related to enthusiasm. 176 

. i d become too 
breaking point is reached when the tasks in han whic 
numerous to be tackled with matching skill and cue some- 
the limits of even the longest possible ee Fis arious 
thing needs to be neglected, and in the neglecting © 


i ‘ent, competent 
i mself not as efficient, ¢ 
Somethings a man thinks hi alle ses 


and brilliant as he used to be. So an emorio’ rae 
This leads to ill-health and finally a serious illness or, Pe 


M worked at 
s a day. He read widely 
8 and Increasingly physics 
and its culture, and history 
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even more tragically a languishing of mental vigour resulting 
in incompetence. This may sound irrelevant and incompre. 
hensive to readers in the developing countries where Only a 
selected few work at that pitch but for Salam this situation has 
never arisen. He had always maintained an incredibly 
capacity for work. He has that secret to preserve the power 
of working continuously for sixteen hours a day, if need be. 
It is more than a simple stamina. 

While Salam was finding a place in the new world of 
Cambridge, the British dissolved their Indian Empire in 1947 
and the new Muslim Country, Pakistan, came in to existence. 

This period from March 1947, of riots and killing in the 
Punjab, was to provide one of the bigget stresses for a sensitive 
man away from those he loved. There were riots in Multan, 
where his parents lived, and in Gurdaspur where his future 
wife lived. And the continuous trek of people presented a shock- 
ing spectacle across the border, destitute and defenceless 
Muslims attacked by murderous groups while crossing into 
Pakistan. For Salam in England, all this came in the news and 
he desperately wanted to return to join his family to share 
the privations of an independent nation. He was advised to stick 
to his work by all his well-wishers, his presence at home could 
not help, but after his Tripos in 1948, Salam felt a duty to return 
home and work among and serve his own pcople. 

But before leaving for Pakistan he, however, received advice 
from two completely independent sources. One was from the 
head of the Ahmediyya Community who interpreted it as a 
cowardice on Salam’s part to leave Cambridge by abandoning 
the third year scholarship that had already been awarded to 
him and advised him to stay. 

The second piece of advice was offered by Fred Hoyle who 
told Salam to take a one year course in advanced physics in 
the Cavendish. Salam had told him his life’s goal now as he 
saw it was to take up research in Theoretical Physics and 
follow where Dirac had left off. Hoyle said: “‘you must do 
experimental work before becoming a theoretician otherwise 
you will not be able to look an experimental physicist in the 
eye’’, 

Salam had not formally studied for experimental physics 
after his F.Sc. examination and therefore hardly had donc 
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laboratory. He would ; » he was no 800d j 


ratory. On hearing the Tesult 
(now Sit Denys Wilkinson) 
one can be in judging one’s 
m only as a (poor) experi- 


Salam returned to Pakistan in 1949, The 
on return was Mian Afzal Hussain in Kar 
Chairman of the Pakistan Public Service Commission. Mian 
Sahib asked Salam if he wanted to join the Civil Service since 
the CSP examination was now being conducted. Salam said he 
was bitten by a different bug—he wanted nothing but a science 
career and could Mian Sahib help him get an extension of the 
Peasants’ Scholarship. Mian Sahib—himself a distinguished 
botanist was delighted with Salam’s choice of career and the 
scholarship was extended on Mian Sahib’s recommendations. 
Salam in the same summer got married to his cousin, Amtul 
Hafeez Begum, the daughter of his uncle Ch. ae eepits 
It was an arranged family marriage. The seedings sa 
ther stability and contentment in his persona — 
has three daughters and a son from this sneer es vee 

But to pursue research he had to return ae eee 
scholarship was too meagre for him to a went back alone. 
UK and so, just after six weeks of marriage, he 
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gations. P.T. Matthews, now Vice Chancellor at Bath Uni- 
versity, was at that time a Cambridge research student. Salam 
was told by his supervisor that “there were a few problems 
left in quantum electrodynamics but all of them had been 
Solved by Matthews”. So Salam went to Matthews and asked 
him if there were any crumbs left. At that time Matthews was 
leaving for Institute of Advanced Studies, Princeton to tackle 
an important problem regarding divergences in Meson Theory. 
While calculating the mass and charge of an electron, these 
divergent terms in the theory produced an infinite mass and an 
infinite electric charge. With great insight physicists like Julian 
Schwinger, Richard Feynman (both Nobel Laureates of 1965 
for their fundamental work in quantum electrodynamics, with 
deep-ploughing consequences for the physics of elementary 
particles), and Freeman Dyson had indicated how th: difficulty 
could be overcome, but the complete mathematical proof was 
lacking. Paul Matthews wanted to tackle this problem by going 
to Princeton where Dyson was working at that time. So 
Matthews told Salam to look into the problem to see if he could 
solve it before September (1950) while he (Matthews) took a 
vacation, otherwise Matthews would take the problem back to 
tackle it at Princeton. Salam solved the problem before th: 
stipulated period was over and thereby made an important 
contribution to the renormalization in Meson Theory. 

He solved the problem as he penetrated more deeply than 
others into its difficulties; in part by sheer strength of intellect, 
in part by reason of a deeply philosophical cast of mind, in 
part by normal courage and partly by invincible persistence and 
unflagging effort. It proved good for him to have lived under 
strict discipline, to have been down on the realities of peer 
by living on bare necessities. At this time he was also suena y 
confident of the powers of the intellectual tools he enn y 
possessed, This five months’ effort was his Ph. D. yaa It : 
earned him an international reputation of a very hig ns ; 
By this success he had acquired the confidence and ee a 
iasm to do any job, just as he had never before in his ! pt 
into any challenge to lose. His vocation now was science a on 

ic mi t the comparative poverty 
had made up his mind to accep tear to him, in 
this period, that a man of his temperament an ’ 


secret of getting through life with " 
was to have full scope for the develo 
Science alone seemed to hi pe 


Pt to set j 
truths of experiments and experience, acd “4 
, p 


an endeavour to arrange experi 
and elegant order with the hel 
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it was through enjoyment and not aversion that Fe ves ioe 
his fitness for the work the “accid © Eevovered 


: ents” put his way. 
oneself to a job from any motive but love is as Se ion 
for money. And Salam loved his work in science When ie 


how did he solve one of th2 biggest : : 
that time, Salam said: “Well, ies ea uma: 
Dyson. He was the man responsible for the entire development. 
He had set out the Renormalization Programme and he had 
done it for all orders of electrodynamics, though not for the 
Meson Theory. Dyson happened to be in Britain at the time. 
So I rang and told him: ‘You may be able to help me solve 
the problem that is worrying us—the central problem of the 
Meson Theory. May I come and see you?’ Dyson said he was 
leaving for the U.S.A. the next day and asked me to go and 
see him right away. And that again was an accident that shaped 
my life. When I met Dyson and asked him for a solution, he 
replied: ‘I have no solution. I have only a conjecture’. When 
I heard these words it was like the earth slipping from under 
my feet. For Dyson was like a semi-god to me and I had ex- 
pected him to know all the answers. Nevertheless, he on : 
highly illuminating exposition of the subject and fan ae 
on the right track. Eventually I was able to oa obs - 
conjecture was right. And my work got me a doe 


immediate Fellowship at Princeton”. 


i i a thoroughly fruitful ex- 
eerie ae measure of meaning. 


nally delightful and stimulating for 


from Cambridge 
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different temperaments worked so closely for so long for the 
singular love of research. 

Salam’s thesis work was sent to Freeman Dyson at Princeton 
for assessment as he had already worked on this topic as 
mentioned earlier. Dyson also discussed the subject in detail 
by correspondence with Salam and told Robert Openheimer 
that Salam, in spite of being an Asian, is an exceptionally 
brilliant young man. So Princeton invited Salam to work at 
Princeton for a year in late 1950. During this period Salam 
saw Einstein closely at Princeton struggling intensely for the 
unification of gravitational and electromagnetic forces. As 
Salam had no provision for a scholarship for the third year to 
stay at Cambridge he was permitted, through a special dis- 
pensation, to go back to Pakistan and submit his thesis formally 
from there after the completion of three years as prescribed 
by the University rules. While leaving Cambridge he requested 
his Supervisor for a letter of recommendation indicating that 
he had worked satisfactorily during his Ph. D. period, and his 
supervisor replied: “I think you should give me a testimonial 
that you have worked with me’’. Salam formally submitted his 
thesis from Lahore in 1952 and got his Ph. D. from Cambridge 
for the work already completed in 1950. 

Salam proved to be one of those rare striking cases, where a 
youngster by reason of researches carried out far from home, 
landed with one leap at the very forefront of his scientific 
field. Salam’s proof in renormalization was based on the 
physical interpretation of the electron charge renormalization 
as follows: ‘“‘an electron of a negative electrical charge is sur- 
rounded by a cloud of its virtual anti-particles, called positrons, 
which are exactly similar to electrons except that each positron 
has a positive electrical charge. Normally a positron cannot 
coexist with an electron but reacts with it to destroy itself and 
the electron—and this destruction results in the production of 
energetic radiation called gamma radiation. But a ‘virtual 

positron’ is considered to appear suddenly, in the neighbour- 
hood of the electron, out of the vacuum, and before it can 
react with the electron it vanishes again, only to reappear In 
the next fraction of time, and so on, mindful of the Heisenberg 
principle of uncertainty which states that the product Bee 
uncertainty in energy and the fraction of time during W 
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rtain Constant Value 


sufficiently close to destroy the neg 
but they are close cnough to reduce it. It is this reduced and 
very greatly diminished electrical cha 


rge of the electron which 
is traditionally given the value of n 


niNUs one; otherwise the 
bare undiminished charge of the electron before it is reduced 


by the cloud of virtual positrons is assumed to be infinite. 
his type of concept was mathematically formulated b Salam 
This typ y 
in the renormalization of Meson Theory. 
This concept of renormalization finds an analogy in a recent 
interpretation of the Sufistic view in Islam. A.Z. Faruqui in 
his illuminating essay on “‘[slam in the age of Physics” writes: 
‘*,,.the soul of man is encumbered by the trivial preoccupations 
of our worldly life which smothers and ultimately destroys our 
capacity for spiritual progress. By renouncing the world and by 
ap ‘Foati 1 is able to shed its material 
exercises of purification, the soul is a doo of Allah 
burden and to move towards intimate knowledge . = with 
Ordinary believing Muslim accepts this mysteal ee vali 
respectful incomprehension’”. He furthet alt lie it can g0 in 
: ‘ intellect a 
zation concept “would take the | ible, if only the unreal 
. f the incomprehensi ) . d f m 
comprehension o ations is removed fro 
(virtual) cloud of material preoccup 


oo. . iality for know- 
the soul of man, it can realise its infinite potentiality 


g . 


ing: “when it 
‘ali knowledge by say svat’ 
ic i e potentiality for ings of an ‘aya 
i. aid chat a eed knows seven thousand meaning 
is sai 


deeper and 
it means he goes 
(Quranic verse) of the Holy Book, it sot cling to the letter of 
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eeper into its meanites h siti of the law—this produces 
i t ec lists.” 
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the law bet oon the Sufis and the Fun flege, Lahore as Head 
tensions , coined Government Co ; 
When Salam J 
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Level, University teaching was closely to be coupled wir 
research, as neither can bz properly pursued without the an h 
The teacher is destined to become stale without at least ae 
recourse to research, or some interaction with the reseatche. 
The student, as he approaches the frontier of knowledge in 4 
M.A. degree, must acquire at least a momementary view 
what is happening at the frontier itself. This can at least hel 
him grasp the significance of what he is learning as a tadeas 
All this was and is missing at Lahore. Higher education and 
research had (or have) no place in Pakistan. 

The consequences of the neglect of the Universities seem too 
delicate for the leadership to see. The whole apparatus of 
Society has been inadequate to take up the strains of a viable 
society. Our universities have never been assigned the central 
position of the nation’s intellectual activity. There had been q 
failure of faith in the principle that many of the political 
personalities in any rational society ought ideally to emerge 
from the University system. Universities in developing coun. 
tries are not expected to produce the new knowledge and ideas, 
both in the humanities and the sciences. And without new 
knowledge, it is not realized that societies become static, 
sluggish and barren. Research is central to learning and learn- 
ing is the soul of the modern civilization. 

The dilemma of the political leadership in developing coun- 
tries has been that when a second-rate human intellect is 
employed, not merely will the initial object of achieving first 
class results be lost, but it will continue to be thwarted; for 
the second-rate intellect will recruit and promote second rate 
and third rate material to strengthen, perpetrate and succeed 
it. It will, therefore, lack and lose the ability and desire to 
audit and correct its own activities so as to produce the planned 
results, History is full of instances where exceptionally gifted 
minds imbued with intellectual and moral integrity were 
superseded in the race for leadership by second-rate people 
assisted by second-rate patronage. This digression may find a 
relevance to what I narrate in the next few pages. 

The Principal of his College which Salam joine 
research work at Cambridge and Princeton, observe 
first interview he gave to Salam: ‘‘We all want men of again 
here, but never forget we are looking for good and hon 


d after his 
d in the 


teachers and good, honest co 7 
traditions to up-hold” (what h 
students had succeeded in joini "viat many of its old 
its analogue in Pakistan), “ ivi 
spare time you may have aft 
you a Choice of three extra 
wardenship of the college 
the college accounts, or, 
its Football Club.” 

Offer of a choice of three colle 
recognition of his research achie 
awarded him the Smith’s prize and Princeton honoured hi 
by inviting him to work there for a year. While offering thig 
choice the college Principal had Probably the mental sicike 
of the mythical research scholar who according to all descrip- 
tions and conventions is eccentric, conceited, absent-minded 
devoid of common sense, deficient in general knowledge, aloof 
and given to idiosyncrasies of dress and manners. A view of 
this nature, to a large extent, still persists in the developing 
countries. Research scientist is commonly thought to be a man 
apart from the main body of the citizens. The fact is that 
science is an aspect of life shared in varying degrees by all 
progressives. Scientists are merely those men whose destiny 
and distinction it has been to make a close and deep study of a 
certain aspect of this knowledge and to use this study as a 
basis for their living. So many scientists come from rather 
simple homes from which it is difficult to get into other pro- 
fession that bring large financial rewards. Scientists also ay a 
desire to win in a competition. The desire for security <i 
keeping one’s family financially afloat 's Se Bul a ae 
and applies to scientists just as to everyone nate ee saliteal 
ing countries, the only use of the litical ieadete may in 
leaders, is for window-dressing. a adidas who maintain 
this respect be likened to enlightene dings of the labora- 
scientists as zoo animals in natural surroun 


tory jungles. . ; 
Salam finds the situation very ae 
astonishing, miraculous, that, conside 
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Civil Service which skims off the very top of the country: 
: . : Ys 
intellect; and third the chancy nature of any opportunities fo 
an extended apprenticeship for research—especially when for 
the most part the university systems remain weak, static and 
uninspired,” 

Salam found no good library in Lahore and could Maintain 
no communication with research groups abroad. He felt jso. 
lated and isolation in theoretical physics, he Considered, Was 
death. As Salam looks back on this period of stay in Lahore 
1951-1954, he says that if at that time someone had said t, 
him: “‘We shall give you the opportunity to travel every year 
to an active centre in Europe or the United States to work 
with your peers for three months of your vacation, would you 
then be happy to stay the remaining nine months at Lahore? 
I would have said yes’’. 

Salam was intensely saddened by an incident that turned 
up in December 1951 when Professor Wolfgang Pauli, winner 
of the Nobel Prize in 1945 for the discovery of the Exclusion 
Principle, visited Tata Institute at Bombay. To enable him to 
meet Pauli and to attend his lectures a return ticket was sent 
to Salam by Dr. Bhahba—a fine gesture to acknowledge the 
high value of the work Salam had completed on renormaliz- 
ation. Salam, 25 years old, left for Bombay in all his eagerness 
to discuss his work with Pauli during his Christmas holidays. 
On his return, Salam was charge-sheeted by his College 
Principal as he should have asked for official leave even during 
the vacation if he was going ex-Pakistan. Finally his absence 
was regularised as ‘leave-without-pay’ through the good offices 
of the then Director of Education who was well-disposed 

towards Salam. 

In the annual confidential report of Salam for 1951, the 
Principal recorded that “Salam is not fit for Government 
College Lahore. He may be excellent for research, but he 1s 
not a good College man’. Salam could not occupy the College 
residence to which he was entitled and lived for the period 
1951-1953 in a single room in the house of Professor Qazi 
M. Aslam while his family stayed in Multan which Salam used 
to visit on weekends. Salam genuinely feels sad for the tragie 
under-development of his people and his country. It 1s hapr 
augury that an offer of visiting his peers for three months ev 
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year Never came his way because this may hay 
him. The consumptive system eventually turn 
crusader. 

Salam was not a case of brain-drain for rese 
He became a case of a double-gain for h 
British as well as European Scientific effo 
was fairly sterilised for research by the exce 
extra curricula activities 4 


nd general 
towards research. The Society did not see 
creative mind was nurtured and train 


ever since, talked indignantly of the wa 
state neglect of research and science, 
that science is as important for devel 
is for its defence. 
ee three troubled years in Lahore before the pro- 
fessional and social frustration drove him back to England. 
He found the academic climate in Lahore chilly and aes 
able to learning as the students even felt no oe 
acquiring knowledge. They were only eo : be ‘s 
examinations. Science and learning were ignore ms : ae 
i 1 leaders of the new nation, but also by 
se oa i felt intellectually lonely. He 
brightest students. He simply fe a he aye at ee 
dabbled fruitlessly in anne ane brine Geld. thon 
theory of superconductors were the ca bas 
in that discipline. But all in all ae ae i a Say: 
mene ee Deine eo tly affected Salam’s life 
ther significant event that greatly his wish to remain 
fm have tipped the scales saan 1 fe ive pone 
ad ree ‘| ime in Pakistan is an — “di a agitation of 
pcm tane aie This was the pare Law in the 
a : rst | 
1983, bl nace arenes his design 6 ae 
country. A politician pha an Ahmedi _ Then 
Gala ee : controversy that led to an 
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is mind. 
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ruined homes atred fann a 
He saw deaths seen out of sane by politicians. 
Muslims and Be ious divines and id horror and rejection, 
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He was deeply m 
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sectarian hatred. It intensified his anguished feelings wh 
: * ee en 
he was warned of a pending attack on his life in his own home 
He hurriedly got together with his father, mother and brother 
who were then staying with him in Lahore, and secretly aban. 
doned his house and sought protection in his old teacher’, 
(Mr Abdul Hamid’s) house. At the time I remember there were 
rumours in Islamia College that he had been killed by a mob, 
He felt a stab of pain on account of this ugly development. The 
wounds now have healed outwardly since he has never spoken 
of them but they must have left a scar on his sensitive mind. 
Islam for me preaches tolerance in belief and mutual under. 
standing among various denominations and religious groups, 
It is time we recognised the need for co-existence despite various 
differences in faiths and in opinions. Tolerance must replace 
antagonism. Fanaticism and orthodoxy must not lead to 
violence. Ijtehad (e.g. research) must promote, relate and 
explain modern knowledge in the context of the modern 
scientific and technological age. The Quran is the Book of 
GOD for man to seek guidance for all times. The meanings of 
the Book’s verses are simple, deep, artistic, philosophical, 
scientific, socialistic, political, moral, judicious and more. The 
Quran contains all knowledge attained by human society and 
to be attained in the future. This brings in the dilemma of its 
comprehension by any human society at any one time. This 
dilemma reveals the limitation of the human mind to compre- 
hend the infinite knowledge contained in the Quran. Another 
dimension of this dilemma is that the limit and nature of this 
comprehension may vary with time depending on the magnt- 
tude of the acquired knowledge as possessed by a certain 
society at a given time. And that is where [jtehad (e.g. research) 
and tolerance come in for attempts to resolve these various 
dilemmas and to harmonize modern scientific knowledge 
with the teachings of the ‘“‘Quran’. And in these attempts 
mistakes made have to be tolerated as a man who makes no 
mistake usually does not endeavour to achieve anything. te 
In the past even a proper vocabulary was lacking to transi! ; 
and comprehend correctly the verses of “THE QURAN 
the light of the latest scientific developments, and ne be 
the exact meaning of certain verses could not poss! — 
fully grasped. It also implies that a thorough linguistic 


, a th 29 

ledge is not in itself sufficie 
biseae nom THE QURAN. What i vias Correctly the 
a highly diversified knowledge of Scien €d along with this is 
bracing many disciplines, ces and humanities em- 
It - petals with an o aes 
complete tolerance and without un T conscience, 
had to approach the correct Saati He A ie 
of the Holy Book. To elaborate my point Tes the Verses 
example from Maurice Bucaille’s book ee ae Specific 
Quran and Science’. According to this book th es 
reveals the complex mechanism of human revr d & Quran 
verses 1 and 2 of Sura 96, Verse 5 ae 


of Sura 22 
67 of Sura 40 and Verses 37-38 of Sura 75. The an 


of translations of the referred verses according to him, des- 
cribe man’s formation from a “blood clot” or an adhesion, 
This translation ls totally unacceptable to scientists of this 
specialized field in this age of developed science. To compre- 
hend the correct meaning of these verses one has to acquire a 
knowledge of anatomy, physiology, embryology, obstetrics, 
etc. And this brings in the problem of choosing the right 
meaning and interpretation from the various meanings of the 
Arabic words. 

In all the above verses an Arabic word, “‘Alaq” has been 
interpreted as blood clot which is one of its many meanings. 
Its other meaning is something which clings. This enlarged 
meaning of the word “Alog”, puts the Quranic interpretation 
of man’s reproduction in harmony with modern scientific 
knowledge, as fully discussed by Bucaille in his book. 

This was a digression from the main theme. Returning to 
my topic Salam with his wife and his child—now Dr. Aziza 
Rehman, a Ph. D. in Biochemistry—left Pakistan to take a a 
lectureship at Cambridge University in England in 1954. ee 
was not an ordinary decision for him. At the Bia — 
anti-Ahmediyya riots, in March 1953, Sit aaa 7 
Professor of Theoretical Physics, had Sree Peierls 
if he wished to return to the U.K. ease 0 a barn ab at 
said he could perhaps arrange 4 se A 
notice. Salam had then turned the ee ye ime without his 

In July 1953 the offer was repeatec’, him to a 


‘ ct 
consent. Cambridge University proceeded to ele 


Pen mind, 
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lecturership, left vacant by the departure of his teacher, x 
Kemmer, who took up a chair in Edinburgh. Salam had neve, 
applied for this lecturership. Cambridge University askeg 
him to make up his mind to accept this offer by 30 Septembe, 
1953, Salam pondered and hesitated—he loved his country, 
He still hoped he could build up science in Pakistan, in spite 
of all the discouragements— scientific and personal—he had 
received. But in the end all advice he received, convinced him 
he must turn himself into an exile. He cabled on 30 September 
1953 to Cambridge University that he would come. He joined 
in January 1954—a fateful decision for the man who, through 
that decision, was to win the first science Nobel Prize for 
Pakistan and for all the other Muslim countries. 


CHAPTER jy 


Salam at Cambridge (1954-1956) 


Abdus Salam was the first world Muslim and the first scientist 
from Indo-Pakistan subcontinent to be offered a position of a 
lecturer in the faculty of Cambridge University—the most 
prestigious and the second oldest University in England. 

The type of faculty member the University looks for is to be 
a teacher, but first and foremost, he must be a scholar, in love 
with learning, with a gift and a passion for research, and an 
investigator who can critically enquire and publish—so Salam 
was offered the lecturership as he, despite his uncomfortable 
stay in the scientific desert of Lahore, succeeded to publish six 
high quality research papers in theoretical high energy physics. 

From India, before him, the only scientists who worked a 
Cambridge, as research fellows, were Dr. Bhabha—a ri 


ienti initi d orbited 
‘liant scientist who initiated an 
eaten mme of Indian Atomic 


successfully the development progra 

Energy ean with the explicit help and AE 

of the then Indian Prime Minister, Pandit es me une 

the famous Indian mathematician ee 

with G.H. Hardy at Trinity College, Camoree who did 
There was also Chandras 


hekhar befo put went t0 
Tripos and a Ph. D. in physics 


from Cambridge 
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the University of Chicago to teach physics there. The on. 
person from India who held the position of a profes i 
before Salam and Chandrashekar in the U.K a 

: : -K. was Radha 
Krishna who taught philosophy at Oxford—and later on w 
honoured to be the second President of India. : 

In spite of anti-Ahmadiyya riots of 1953, in spite of the shab. 
by treatment at the Government College, Lahore, Salam loved 
his country deeply. He did not want to accept to be in exife 
when Cambridge University asked for Salam’s services. In the 
end men like S$. M. Sharif—then Secretary of Education at 
Lahore—sensing the great honour done by Cambridge Uni. 
versity to a Pakistani, persuaded Salam to accept this offer. 

According to the Punjab Government Notification 
No. 6975/2, dated 16th February 1954, Abdus Salam was 
permitted to take up his assignment on deputation at Camb. 
ridge as Lecturer with the following terms and conditions. 

“The Governor of the Punjab is pleased to place the services 
of Dr. Abdus Salam, M.A. (Pb) B.A. (Cantab.) Ph. D. 
(Cantab.), Professor, Government College, Lahore, at the 
disposal of the University of Cambridge (England) for appoint- 
ment as Stockes Lecturer in Mathematics for a period of three 
years or less (if he should return to Pakistan earlier) with 
effect from 1-1-1954. 

Dr. Abdus Salam’s appointment at Cambridge carries the 
following terms: 


hip 


Per annum 
(a) Fellowship at St. John’s College £ 300 
(2) Stipend for lecturer at the University £ 450 
(3) Allowances £ 50 
Total: £ 800 


— 


During the period of his deputation, Dr. Abdus Salam will 
draw a special allowance of Rs. 180/- p.m. from the Punjab 
Government.” . ss 

At Cambridge, the formal teaching load for Salam was 
hours a week for undergraduates for the first two nee 
the academic year and three hours lecturing graduate an : iH 
undertaking Ph. D. work for the third term. There ie zs 
an additional work of supervising the undergraduate 


come in batches of two to learn and qi ; 
iscu 


Salam had to Spend at least six h 
visory work. This made Salam rat 
vine away from his concentratio 
led a quiet life, 

leisure to a degree tn mown 

In its first year at Cambridge Sater of self-denial. 
Course” —a comprehensive course _ am taught the ‘Dirac 
the graduate class as Professor Ditac went et mechanics, to 
away from Cambridge that year. The owen of absence 
matics at Cambridge for undergraduates i thar my mathe. 
is taught simultaneously in two separate clase each Subject 
people and students are allowed to attend any lecture they 
fancy. Salam was assigned to teach ‘Flectricity and Magnet. 
ism’. so popular with the undergraduates that 
in the very first year about two-third of the total students 
started attending his lectures while the rest went to the class 
of the second teacher. 

Though Salam was not the first to discover that the easiest 
‘way to capture and maintain the interest of students was to 
introduce and familiarize them to one’s own problems, and 
to reveal one’s own doubts about soft spots in accepted learn- 
ing, this approach was the one Salam applied in his lectures. 
And this made him successful in attracting several first-rate 
research students at Cambridge—like Walter Gilbert who Won 
the Nobel Prize for Chemistry 1980, J.C. Taylor, now Professor 
at Cambridge, J.C. Polkinghorne who was also a Professe * 
Cambridge till he resigned to take the Holy Orders, * whet 
of Durham University and Riazu Asa ie 
Salam never talked down to his stu 
lieved that students should come ¥ 
lectures are always clear, deliberate, ne 
logical. . 

During his period at Cambridge, 
upward continued in the scientific researe interruption as @ 
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knowledge of facts and laws a 
the field in which he made res 
investigation. 

At Cambridge, Salam, being a Fellow of St. 
was offered an apartment where he settled down with his wife 
and four year old daughter. Fellowship of a College at Camb. 
ridge entitles the fellow for free evening meals in Hall, a room 
in the College and a free funeral. 

Trinity College, the best known College in Great Britain, 
also offered Salam a Fellowship but Salam turned it down on 
aesthetic grounds as the flower gardens of St. John’s Captivated 
him. For Salam the Trinity grounds were not as pleasing as 
those of St. John’s. His rejection also created a record in the 
history of the Trinity College as no one before him had ever 
refused a fellowship of Trinity College. 

With a vast intellectual and mathematical arsenal at his 
disposal, Salam got absorbed in research at Cambridge. In 
1954, he published one paper as he had lost his creative 
momentum due to the unpleasant experiences in Pakistan. In 
1955 he published five papers including one on “Propagators of 
quantized fields.” In 1956, he published four papers, mainly 
on “generalized dispersion relations” where one could also 
calculate the back scattering amplitude in strong nuclear 
interactions. 

During this period Salam also completed an important work 
on “parity-violation” which came into prominence when, in 
1957, experiments, under the suggestion of Professors Yang 
and Lee who qualitatively showed by reviewing all the expert- 
mental data available that there existed no evidence to prove 

that parity is conserved in weak interactions. The experimen 
performed by Wu, ef al., explicitly showed that parity 

iolated in weak interactions. 
, However, Salam was already famous among the top won 
physicists by 1956, mainly for his high-quality wore act 
normalization and dispersion relations. He atten ° sectively 
Rochester Conference in 1955 where fifty of the mos asin 

: ici hered to discuss the latest tren 
active physicists were gat ! hat Salam was aske 
high energy physics. It was also in 1955 tha erouns for Peace 
to serve as a Scientific secretary at the first a. Switzerland. 
Conference convened by the UN in Geneva, 


pplicable to theoretical] Physics 
earches and initiated new lines of 
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: ’ his country 
pines grow conscio essed a remark. 
The way it came about is in itself most 
Professor Hans A. Bethe, a German-bo 
came to Cambridge to spend one year in 1956. He won the 
Nobel Prize for Physics in 1967 “for his contributions to the 
theory of nuclear reactions, especially his discoveries con- 
cerning the energy production in stars”. Professor Bethe 
met Professor Blackett, the first time at Cambridge, in the 
thirties when Blackett was working with the cloud chamber to 
determine the energy of the ionizing particles by determining 
their range in the cloud chamber. As Bethe had already worked 
out an approximate expression for the energy loss of charged 
i Beth: formulate quantitatively the 
particles, Blackett told Bet e to fo aes 
energy loss of charged particles in ria atoms 
in hi in the cloud chamber. . 
Blackett in his work in Fe aiioashcontes aaa 
Professor Blackett, Father is : 6 ts in England, a Nobel 
Lehi aint ue a ste ce of the Wilson cloud 
Laureate of 1948, “for his CeveOpi sith in the fields of 
chamber method, and his discoveries t e + 1956 the Chair- 
nuclear physics and cosmic radiation » Wt. He was 
he Physics Department at Imperia ae iis 
man of the Phy n for a chair in theoretical phy 
looking for a ma 
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door, faced Salam and asked: “‘Do you want a 
‘astonished, said: “Yes Sir.” 

Blackett: “It is done.” 

Salam: “Thank you.” 

Then, of course, there was the formal inte 
Professor Temple, an admirer of Astronomer Eddi 
Salam the first and the last question about the quali 
Eddington’s book on Astronomy. Salam had a Io 2 of 

: ‘ W OPinion 
about it but knowing Professor Temple’s respect for Eddington’ 
work, he replied: “I had not read the book with the fice 
ment of a neutral mind.” Professor Temple smiled .with 
comment: “Young man, you should go to diplomatic ens 

The interview ended and Salam was offered the pes 
chair in the Mathematics Department of Imperial College 
London, which previous to him had been held by intellectual 
giants like Alfred North Whitehead who had collaborated 
with Bertrand Russell in writing Principia Mathematica, 
Salam thus penetrated the Muslim barrier to science after 
centuries of Muslim stagnation in face of the revolutionary 
progress of the Christian World. 

Salam was most reluctant to leave Cambridge as he was ad- 
mitted: to the company of men whose disciplined minds were 
far more sophisticated than any he had ever encountered 
before. This made Salam to talk to Nevill F. Mott who was 
then the Cavendish Professor at Cambridge. Professor Mott's 
predecessors at Cavendish had been J.C. Maxwell, Lord 
Raleigh, J. J. Thomson, E. Rutherford and W.L. Bragg. 
Professor Mott was awarded the Nobel Prize for Physics in 
1977 “for the fundamental theoretical investigations of the 
electronic structure of magnetic and disordered systems : 

‘This information I am providing for the reader to comprehend 
the nature and the level of the men Salam was rubbing his 
shoulders with; as a close and intimate rubbing of shoulders 
with such men is immensely stimulating and is liable to produce 
far-reaching brain-waves. 


Salam told Professor Mott that he would Ae 
leave Cambridge except for the benefits for his research the 
would derive as a Professor at Imperial College, Leela 
because of freedom from “supervising” which was me 
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suming. Salam had by then a family ° 
second born in 1955. 


tWo daught 
; Professor Ott agreed 4 hate the 
should not go to the ‘ Blacksmith’. College_tp am 
to Imperial College of Science 


Be and Technology 
Cambridge academicians. The deal Proposed to com 
Salam for giving up the onerous duties as SUPErVisor was to 
offer him the additional duties of the editorship of the Philoso. 
phical Magazine—a prestigious jour he duties 
Professor Mott was himself Carrying out at the time, with the 
monetary additional benefits of £109 Per annum plus “any 
amount of sherry” Salam might like to Consume. “Sherry” 
was a side-line of Taylor and Francis who published the 
“Philosophical Magazine” and so Professor Mott could feel 
free with dispensing with it. 


This offer Salam was constrained to decline as sherry was of 
no value to him and the tasks as Editor of the Philosophical 
Magazine, though more pleasant, would be as equally time: 
consuming as “supervising”. This took Salam to Imperia 
College as a Professor of theoretical physics on Ist January 
1957 at a salary of £3,000 a year. 


Professor Salam at Imperial College 


No country is any good unless it has something to swagger 
about. Pakistan did not have anything in scholarship except 
an ancient Muslim heritage embodied in Iqbal—so Salam’s 
elevation to professorship in UK helped to show a certain 
measure of the achievements of the new-born country. Salam 
recalls the visit to London in 1957 of Mian Iftikhar-ud-din, 
the well-known politician who then owned and managed the 
Pakistan Times. Mian Sahib simply could not believe that a 
Pakistani could hold a full chair at London University. He 
kept repeating in disbelief—‘‘Is it really true?” In the end 
Mian Sahib got the Pakistan Times to commission a full page 
profile of Salam to introduce him to his countrymen. 
Pakistani students studying in Britain drew sustenance from 
Salam’s position in England. I personally had the first exciting 
experience of discussing advanced physics with Salam In my 
own native tongue in 1958 perceiving sensitively the feeling 
that science can be the shared heritage of all mankind an 
not the sole monopoly of the western civilization 4S it ha 
been for the last so many centuries. 
I then felt proud at the realisation that physic 
thing that could only be expressed and discuss 
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D. Sc. AT ALIGARH ON 24TH JANUARY 1981. 


alone, Salam’s appointment to the chair j 39 
raised the general morale o vin 


f all Pakistani 
Salam had established beyond ton Students in England 
nity of the developing countries could at . 
standards of academic achieve COME UP to the hi 


At Imperial College Salam ener 
of ideas. With his immense Vitality and a striking 
Imperial College became the outstandin 
and in Europe for work in high energ 
And it started attracting active physicist 
world including the United States. 

Salam possesses the faculty of recognizing and compre- 
hending the new fertile lines of research and has been able 
to distil from them the fundamental ideas. It is my personal 
opinion that philosophically, nothing in physics, in the real 
sense of the word, is original. Even Heisenberg’s revolutionary 
concept of the Uncertainty Principle that one cannot measure 
the energy of a particle without altering it has before it T.E. 
Eliot’s quote: ‘‘that examination of history alters history”, or 
Ezra Pound’s declaration that: “the act of thinking alters the 
thought itself.” However, the difference between physics 
and philosophy is that physics has to make the concepts, it 
employs, quantitative and testable in laboratory experiments. 
Only those concepts which pass the test of experiment survive 
even though other rival concepts may appear aesthetically 
appealing. 4: . 
Salam pours out ideas in a continuous stream in discussions 
with his colleagues. Occasionally, Salam is right and t oho 

triumphant “I told you so” might be irritating to anyone ve 
recalled that 99 others, voiced with equal co ut research 
turned out to be wrong. He has, however, pouree 0” 
papers at an astonishing rate. 
During his first eight years 4 h 
Professor Salam published 50 researc” , 
out about 20 Ph. D. scientists In theoretic® u 
by Professor Salam UP 
research papers published by “nal Review, 3 
over 200 which include 51 in Physi¢ 


gized the place with a torrent 
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Pentes 7 of Physics. Letters, 23 in Nuclear Physics, 6 in 
Science. 8 oyal Society and 4 in Pakistan Journal of 

So at Imperial College, Salam continued to strengthen his 
success: with more work rather than getting relaxed with it 
as to him “‘happiness is not good for work”. For him Science 
has been the sinews of his intellectual culture, though he has 
exhibited wisdom in his common dealings, in disposing success. 
fully the affairs of his family, in making fit provisions for it, in 
the education and settlement of his children and Other vital 
concerns of human life, including being able to give as much 
as he can to helping others monetarily and otherwise. Through 
the detailed pattern of his life, he has richly demonstrated that 
only a sense of commitment and ambition can release a man’s 
creative energies and trace out the imaginative solutions to 
human problems to enhance increased destiny. 

Salam has attended some 100 international conferences, has 
travelled up, down and around the world to gather information 
and discuss ideas, has kept innumerable engagements with 
people influential in science and state and made sure that right 
contacts were available to pursue and promote suitable lines 
of progress. 

His travels to international conferences had been intellectual 
expeditions in which he headed straight, without feeling any 
jet-lag for the conference to participate and explore issues in 
science, conferring with other scientists, on scientific and 
economic problems, learning to understand the cultural and 
political conditions in which they worked and using his travels 
as a further means of developing his own ideas. He has de- 
veloped or inherited somewhere, the capacity for constant 
readjustment of mind, spirit and body to environment as well 
as situations requiring quick understanding and outflowing 
tact. While talking to Professor Qazi M. Aslam, ex-Principal, 
Government College, Lahore and in whose home Salam 

lived for eighteen months during 1951-1953, I was told that, 
‘Salam worked very hard but never gave the impression of 
working hard. Whenever one entered his room, one wou! 
find Salam working at his table. But he would immediate 
stand up to converse with you with complete ease and nee 
until one begged for leave. And after leaving his room. | 


cared to peep back, one would find 41 
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parity is not Conserved in weak nucle Confirmed tha, 
nologically predicated by Professor C.N yess 4S phenome. 
T.D. Lee. This was the year when the Russie and Professor 
in orbiting their Sputnik around the world first Succeeded 
The symmetry involved in the law of conse | 
is merely to say that if a physical Process occurs a of parity 
mirror is also a possible analogue. It Means th Its Image in a 
principle is an embodiment of the reflection a the Parity 
nature. symmetry in 
The experimental implication of the 
a beam of polarized particles (with spins ali i 
way) decaying through the weak nuclear fore (also at 
weak interaction) would emit equal number of Particles slong 
its left-right directions if the parity is conserved. This was 
experimentally found to be incorrect which led Professors Yang 
and Lee to win the Nobel Prize for 1957. 
The actual history of the development of the parity-violation 
concept is most interesting as in the words of Professor Abdus 
Salam: 
“T heard at the Seattle Conference, Professor Yang expound 
his and Professor Lee’s ideas on the possibility of the hitherto 
sacred principle, left-right symmetry, being violated in the 
realm of the weak nuclear force. Lee and Yang had been led 
to consider abandoning left-right symmetry for weak nuclear 
interaction as a possible resolution of the (J - Q) puzzle. I 
remember travelling back to London on an American Air 
Force (MATS) transport flight. Although I had been sranteg 
for that night, the status of a Brigadier or a Field Mars Me —. 
don’t quite remember which—the plane was en is the 
able, full of crying service men’s children—that 1s, 
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| kept reflecting on why Nature sn hall-mark of most 


symmetry in weak interaction. Now the nal “adioactivit) 
weak interactions was the involvement in ing over the 
Phenomena of Pauli’s neutrino. While seoptive question 
Atlantic, came back to me 4 deeply Mr Peierls had asked 
about the neutrino which Professor Rudo 
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when he was examining me for a Ph. D. a few years before 
Peierls’ question was: “‘The photon mass is zero because 
of Maxwell’s principle of a gauge symmetry for electro. 
magnetism; tell me, why is the neutrino mass zero "1 had 
then felt somewhat uncomfortable at Peierls, asking for 4 
Ph. D. viva, a question of which he himself said he did not 
know the answer. But during that comfortless night the 
answer came. The analogue for the neutrino of the gauge 
symmetry for the photon existed; it had to do with the 
masslessness of the neutrino, with symmetry under the 
S5— transformation (later christened “Chiral symmetry”), 
The existence of this symmetry for the massless neutrino 
must imply a combination (1+%s) or (1—%s) for the 
Neutrino interactions. Nature had the choice of an aesthetic. 
ally satisfying but a left-right symmetry violating theory, 
with a neutrino which travels exactly with the velocity of 
light; or alternatively a theory where left-right symmetry is 
preserved, but the neutrino has a tiny mass—some ten 
thousand times smaller than the mass of the electron. It 
appeared at that time clear to me what choice Nature must 
have made. Surely, left-right symmetry must be sacrificed 
in all neutrino interactions. I got off the plane the next morn- 
ing, naturally very elated. I rushed to the Cavendish, work- 
ed out the Michel parameter and a few other consequences 
of 8s symmetry, rushed out again, got on to a train to 
Birmingham where Peierls lived. To Peierls 1 presented my 
idea; he had asked the original question; could he approve 
of the answer? Peierls’ reply was kind but firm. He said: “I 
do not believe left-right symmetry is violated in weak nuclear 
forces at all. I would not touch such ideas with a pair of 
tongs.” Thus rebuffed in Birmingham, like Zuleika Dobson, 
I wondered where I could go next and the obvious place was 
CERN in Geneva, with Pauli—the father of the daaleest 
nearby in Zurich. At that time, CERN lived in a pit 
hut just outside Geneva airport. Besides my seus ose 
and d‘Espagnat, the hut contained a gas ring = sie The 
cooked the stable diet of CERN—entrecote a la creme. i 
Villars of MIT, who ™ 

hut also contained Professor V1 sire ny paPeF 
visiting Pauli the same day in Zurich. [I gave bl 


He returned the next day with re _ 
“Give my regards to m 


: y friend 
of something better.” Thi, a 
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M the Oracte. 
ar and telf him to ce 
% Scouragin 
compensated by Pauli’s excessive kindness 8, but I was 
later, when Mrs. Wu's, rman’s and a few Months 
ments were announced showin intial i 


indeed violated and ideas sin ight symmetry was 


nd Lee 
letter on 24 January 1957,” Somewhat apologetic 
This is the history of parity violation 
anticipation of the crucial role of the two 
in parity violation in weak interactions. 
The London Times on the day of the announcement of the 
1957 Nobel Prize to Professors Yang and Lee raised the ques- 
tion whether their Prize may have been shared with Salam. 
Yang and Lee had the priority in questioning parity principle, 
Salam had the priority in formulating the two-component 
theory—the theory which replaced the fallen parity symmetry 
principle. The Nobel Award emphasised the value of the initial 
doubts about the parity principle which Yang and Lee ex- 
pressed. However, one may imagine that the 1956 work of 
Salam may have counted towards his Nobel Award in 1979. 
One thing which is clear from the extract above in his Nobel 
Lecture was Salam’s unbounding admiration for Pauli. Pauli 
was a physicist of the great generation and class of Heisenberg 
and Dirac. He had worked with Neils Bohr and Heisenberg : 
develop quantum mechanics against the biting ea ne 
Einstein and who pronounced at the young a Ssaanae 
Einstein’s attempts to unify gravitational and : sical idea 
forces would not succeed because of the lack of a phy 
in them. Werner 
It would be, however, interest! ze Lee when he 
Heisenberg’s opinion about ss Ce to reflect on his exper 
Was invited by Salam to Trieste in | 


ences of his life of physics. _ «Tp you try to 

Professor Heisenberg remarked ; a ve most 
lem by rather dirty mathematics, f the experimen 
you are forced always to think ie down, you 
and whatever formulae you Wit 
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the formulae with reality and thereby, somehow, you 
closer to reality than by looking for the rigorous met. 
Pauli’s whole character was different from mine. He was mu. ; 
more critical and he tried to do two things at once While | 
would think that this is really too difficult even for the best 
physicist. He tried first of all to be inspired by the experiments 
and to see in a kind of intuitive way how things are connected 
and at the same time, he tried to rationalize his intuitions and 
to find a rigorous mathematical scheme so that he really could 
prove every-thing which he said. Now, this is, I think, simply 
too much, and therefore Pauli has through his whole life 
published much less than he could have published if he had 
abandoned one of these two postulates.” 

Salam also tried to do two things at once—one was to 
formulate a theory to explain the 7—@ puzzle and the other 
was to win over to his point of view two of the most prestigious 
physicists of the world, Pauli and Peierls—the physicists who 
were emotionally committed to a highly developed common- 
sense assumption. Although in the end he published his work 
in spite of their negative advice, there was delay in his publi- 
cation and recognition of his brilliant contribution of 1956-57. 

There might be more than two things Salam might have 
thought of doing at the same time. Once Sir Zafrullah Khan 
advised Salam to take the dual nationality of Pakistan and 
Great Britain, but Salam resisted as he wanted to be only a 
Pakistani citizen when an honour like the Nobel Prize comes 
his way and did not want to share with another country. In 
my personal opinion, probably he also subconsciously aimed 
not to share the Nobel Prize with any other physicist—an 
indication one gets from his limited range of collaboration 
upto 1964. 

In all fairness, Salam’s communication to Pauli was an act 
of rebellion against the established ideas of Pauli—as Pauli 
was the champion of parity conservation and Salam, though 

he had been acclaimed and respected, was still young. 

With the non-conservation of parity in weak intera 
established, the idea of a universal Fermi interaction in weak 
nuclear forces was put forward in literature in 1958 = 
Sudarshan and Marshak, Gell-Mann and Feynman, an 
Sukurai. Accompanying with the universal Fermi interaction 


ction 


was the result that weak interaction 45 
electromagnetic and Strong nuclear pa to be m 
mesons are the mediating Particles oe w 
mediate vector bosons, of spin eae Parti 
published in the literature by Professor a 
others. But Salam had these ideas aa pie: mong 
how he sent two notes to Pauli Concerning th ler, He describes 
interaction and intermediate vector bosons j € universal Fermi 
wrote back on 30th January 1957, then a see 1957. Pauli 
later on 11, 12 and 13 March 1957 as- February and 
“I am reading (along the shores of 


sunshine quietly your paper ake Zurich) in br ight 


wee “Dam very much 
ie startled 
on the title of your paper ‘Universal Fermi Interaction’ 


For quite a while I have for myself the rule if a theoretician 

Says: universal, it just means pure nonsense. This holds 

particularly in connection with the Fermi interaction, but 

aati too, one now you too, Brutus, my son, come with 
is word...... 

Salam writes: “I must admit I was taken aback by Pauli’s 
fierce prejudice against universalism—against what we would 
today call unification of basic forces—but I did not take this too 
seriously. I felt this was a legacy of the exasperation which 
Pauli had always felt at Einstein’s somewhat formalistic 
attempts at unifying gravity with electromagnetism—forces 
which in Pauli’s phrase “cannot be joined—for God hath rent 
them asunder.” But Pauli was absolutely right in accusing 
me of darkness about the problem of the masses of the Yang- 
Mills fields; one could not obtain a mass without wantonly 
destroying the gauge symmetry one had started with. : 

Knowing that a complete monopoly of folly does not : 
with the uninformed alone, T. H. Huxley, in the late ae 
century, observed that, as a general pattert, oa to 
four stages of public opinion. It would De eile the 
recapitulate the following four stages for com - that time. 
situation which confronted the world of P since religion and 

(1) The novelty is absurd and subversive 


morality—the propounder both 


velty is 
(2) (Twenty years later). The no 
will yield a full and satisfactory °% 


absolute truth and 
planation of things 
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in general—the propounder a man 
and perfect virtue. 
(3) (Forty years later). The novelty wouldn’t e 
in general after all and therefore is a wre 
The propounder a very Ordinary person 
a clique. And 

(4) (A century later). The novelty is a mixture of truth and 
error. Explains as much as could reasonably be expected 
The propounder worthy of all honour in spite of his 
share of human frailties, as one who has added to the 
Permanent possessions of science. 

Because of his work, especially in weak interactions, Pro- 
fessor Salam, at 33, was elected a Fellow of the Royal Society, 
the most exclusive scientific body in the world. Salam was 
the first Pakistani and the first Muslim to achieve that dis- 
tinction. Pakistan could then at least boast of an F.R.S. Later 
on Dr. Salim-uz-Zaman Siddiqui was the second Pakistani to 
win this honour in chemistry at a far maturer age. 

By 1959, experimentalists had discovered scores of ele- 
mentary particles. Then the theoreticians started asking: 
“Could the bewildering variety of particles be elementary?” Or 
was it as Salam asked, that “some are more elementary than 
others.” This led to a classification into a few families of 
particles enabling them to say that particles of similar properties 
belong to one family. For predicting the size of a family they 
had to think of symmetry principles. The breakthrough began 
in 1960 when Yoshio Ohnuki of Nazoy, a University in Japan 
introduced the idea of “unitary symmetry” that might exist 
among “elementary particles”. It started with the notion 
that most particles are composite particles made up of three 
fundamental particles which are themselves related to onc 
another—proton, neutron and lemda (,°). | 

Salam was the first non-Japanese physicist, himself an 
oriental mind, to accept this idea. This made Imperial College 
the centre of development of unitary symmetry. Salary 
and John Ward, a visiting scientist to Imperial College, ' 
this idea in April 1961 to predict an eight-fold family ot ex: 
meson particles of spin one which were duly ame, a re- 

perimentally some six months later. At the on D ‘Vaval 
search student working with Salam for a 


Of sublime genius 


xplain things 
tched failure. 
advertised by 


Ne’eman from Israel, on Salam’s 

Nee suggest; 

in his Ph. D. thesis), explored unitary on (as acknowledgeg 
went on to show that the baryo ymmetry further and 


. . Ns, the chi 
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an eight-fold 


family. This was first project . 
with his characteristic zenerosity sn Joint work but Salam 
student to publish in his own name. Matters, asked his 

Independently, Gell-Mann of Californi 
nology, came to the same conclusion. H 
concept to predict a very Strange particl 
eight-fold family—the omega minus—and when that, too, got 
detected in 1964, the unitary ideas were firmly established 
(Murray Gell-Mann was awarded the Nobel Prize in 1969 
“for his contributions and discoveries concerning the 
classification of elementary particles and their interactions.) 

By 1964 Salam had already acquired the reputation of an 
Oracie—the only Pakistani among the scientific giants of the 
world. 

His work on parity violation was first formally recognized 
by his own Cambridge University where he completed that 
work and which honoured him by awarding him the Hopkin’s 
Prize for the best work in physics done by any Cambridge man 
during 1957 and the Adams Prize in 1958. In 1961 Salam 
became the first recipient of the Maxwell Medal, an Award of 
the Physical Society—the largest scientific society in UK. 

In 1964, Salam also won the Hughes Medal of the Royal 
Society—probably the most exclusive, the most prestigious 
and the oldest scientific society in the world. Here | repre 
an extract from Nature—an outstanding British ee vhen 
journal—published on the occasion, 19 December | enim 

. H ral Society awarded DIN 
the President and Council of the Roya! soft") © hed contri- 
the Hughes Medal in recognition of his sony of fundamental 
bution to quantum mechanics and the theory © 
particles: 

“Hughes Medal: Professo! 

There are very few physict 
tained such a constant and fe! 
Abdus Salam has achieved durin 
Ph. D. thesis, published in 19 
in quantum electrodynamics 
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had already gained for him an international te 
very high order. On two subsequent Occasions, 
contributions to the theory of elementary partic 
in the absolutely highest class. 

In 1957, Salam proposed a deep and intimate connection 
between the zero rest mass of the neutrino and the parity non. 
Conserving effects in weak interactions. This theory makes a 
large number of very specific predictions about Neutrino 
Properties, and of the way in which parity is violated in neutrino 
interactions, all of which have since been confirmed by experi. 
ments. In 1961, Salam, in collaboration with J.C. Ward, pro- 
posed that the strong interactions of elementary particles 
should satisfy unitary symmetry. 

This implies that the particles and resonances should appear 
in supermultiplets of the same spin and parity, and well- 
defined isotopic properties. In particular, Salam and Ward 
predicted an octet of spin one mesons, playing an analogous 
part in strong interactions (e.g. strong nuclear forces) to the 
photon in electrodynamics. 

All these mesons have since been found, and the general 
‘ideas of the theory recently confirmed by the spectacular 
discovery of (\~ (omega minus). 

These two pieces of work are both contributions to the basic 
laws of physics. They are not isolated achievements, but the 
high points in more than ten years of prolific and sustained 
performance. During this period, Salam has published aber 
hundred papers and maintained his position at the eee 
this rapidly advancing frontier of the fundamentals o 
subject.” 

a Salam’s work on parity violation and Lo ge 
properties of elementary particles obtained pau 
the scientific community of Sweden by electing Salam caiaat 
of the Royal Swedish Academy of Sciences in 1970. are 
received a telegram from the President and Secretary Mate 
USSR Academy of Sciences at its Annual ae peer 
1971 saying: “The General Assembly of the 1971, elected 
of Sciences at its Annual Session on March ae ee General 
you Foreign Member of the Academy. On pe su you £00 
Assembly we cordially congratulate you a _ 
health and every success in your creative work. 
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Immediately thereafter, the Scientists Of the second 
honoured Salam when the Secret Super. 
power , Clary of the Ametican 
Academy of Arts and Sciences Wrote on 12 May 1971. 
“In this envelope is a formal Notification of election as a 
Foreign Honorary Member of the American Academy of 
Arts and Sciences. On behalf of the Council, T would like to 
congrativate you on your election and welcome you to 
membership. 
The Academy’s two thousand Fel 
of Foreign Honorary Members e 
foreign countries who are emi 
other attainments... a 
The University of Miami honoured Salam a 
J. Robert Oppenheimer Memorial Prize awa 
1969 by the University of Miami Center for Theoretical Studies, 
The 12-member Scientific Council of the University of Miami 
hose Professor Salam according to its news bureau, “in Te- 
c Ose : ibutions in quantum electrodynamics, 
of his contributio q 
cognition i i ecially the two-compo- 
: ntary particles physics, esp | 
and in eleme theory of parity violation in weak interactions, 
nent neutrino ies of elementary particles,” 
and in symmetry Properties re) sed of six University of 
ientific Council was compo ; t 
The Scienti . following national representa- 
iam] entatives and the fo Nan Chicago: 
Miami repres Mulliken, University of Chicago; 
De, Gecald Edelman. Rockefeller University: Dr. Mauris 
Dr. Gerald Edelman, Rockefe oH Laboratory: Professor 
Goldhaber, Brookhaven nae oeervlian Schwinger, 
Oo O as er, Yale University; Profess i Teller, University 
‘ne 4 University and Professor Edwar 
T' 5] 
av fornia at Livermore. International Centre 
of Californ ointed Director, delegate 
In 1964, Salam was app in Italy. In 1960 as a , 
h otical Physics, ‘Trieste 10 General Conference © 
art oki tan, Salam proposed in the resolve the problem of 
te TAs set up such a cenire he developing Ooo the 
os q e 
we i f the active physicists in ; devotion the work a d 
isolation of t ith inspired devot iy well. suite 
Salam has directed, wit d bimself singularly broad and 
school for which he has ae of his personality, i . the width 
inati Ip, . 
by the unique combination rceptive scholarsmP of various 
ientific interest, his perceP! nse variety hich 
deep scientific inte ? by the immense © ous—on W 
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he has written with ease and authority, and his knowledge of 
the men from developed as well as developing countries 
Through his school at Trieste, Salam has, with smoothness and 
artistic colours, established his leadership in the scientif 
world—as leadership is essentially an intuition about fae 
relations and an application of the principles of friendship 
into the impersonal fields of society and human life. As a true 
leader Salam has been as sensitive and rational to the methods 
of action by which his working colleagues are selected at the 
school as to their conditions of work. Globally he has become 
a towering personality by his own research work in physics, 
his influence as a teacher, his pioneering activities at Imperial 
College, the rapid growth of the Trieste school as a leading 
centre of theoretical physics and his singular efforts to promote a 
more common understanding of science in developing countries, 
As Salam conceived the Trieste Centre as a place where men 
from all countries could work alongside some of the most 
distinguished minds of physics, he along with Sigvard Eklund, 
the then Director General of IAEA and Henry De Wolf 
Smyth, USA Ambassador to the IAEA, was awarded the Atoms 
for Peace Prize in 1968. The citation at the occasion read as 
follows: 
“By your acceptance of demanding administrative res- 
ponsibility, you have helped to direct and focus the thoughts 
and efforts of people and nations. By your active and dedi- 
cated participation in international conferences, councils 
and agencies, you have given us leadership that knows no 
narrow boundaries of mind or geography. By your 
suggestions and proposals for greater cooperative efforts 
and by your willingness to work for their achievement, you 
have brought closer that day when the beneficent potentiali- 
ties of the atom will be part of the life of every man. 
By the amplitude of your public spirit and your civil courage, 
you have earned a position of trust in your country eur 
place of confidence in the international aaa 0 
your radiant and altruistic careers, you have exemplifie 
bright i i May this medal symbolizing the 
right ideals of science. May ! 
Atoms for Peace Award signify to all men the importance 
, ic energy 
of your contributions towards the use of atomic 


for the benefit of mankind.” 


mental particles which 
of particles, 

It was in 1964 that G. Zweig and M. Gell-Mann first 
dicted independently three quarks called ‘up’ ‘down’ es 
strange’ (u, d and s). These particles were prophesied to have 
not only the exotic number of fractional charge (see Table 1) 
but also fractional baryon number. 


Quaih type up (u) Down (d) Charm (c) Strange (s) Bottom (b) 


Charge (electric) 4 —4 3 es | aot 
Strangeness 0 0 ? 1 0 
Baryon Number } 4 4 4 $ 


Baryon number plus one is assigned to all baryons... .like 
protons and neutrons. It is a quantity observed to be strictly 
conserved in all reactions, leading to the apparently absolute 
stability of the lightest baryon—the proton. 

The baryons are considered to be formed from three quarks 
and the mesons from quark-anti-quark pairs; simple examples 
are neutron (udd), proton (uud) and x—meson (Gd) where a 
is the anti-up quark. The quark proposal was the culmination 
of a successful attempt to explain the numerous states (more 
than 200) of baryons and mesons (called hadrons) as three 
quarks could build all the known baryons and aac 
only difficulty encountered at present Is that free quar ; f sa 
not been detected so far—their existence 1s only inferred from 
indirect predictions made by this theory. 
eae another family of particles eae 
consists of electrons, heavy pearines e heavy mass of the 
neutrinos. There is no explanation cies except that elec- 
mu-meson—why it is different from ¢€ 
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tron and mu-meson ate found to be assoc; 
with different neutrinos—the difference in the 
two neutrinos is again unknown. 

According to the present view, the quarks and leptons form 
the fundamental constituents of matter and they experience 
the same four forces that exist in the Universe except that 
leptons do not feel strong nuclear force. The four forces are. 
the strong nuclear force which is responsible for the nuclear 
stability of an atom, the electromagnetic force that acts between 
any two charged particles, the weak nuclear force which Pro- 
duces radioactivity and the gravitational force of attraction 
between any two masses of particles. The ratios of the strengths 
of these four forces are, respectively, 1:10-2: 10-5 : 19-39. 
These four fundamental forces of nature have seemed for some 
time quite different from one another. Despite their different 
effective strengths, the strong nuclear force is effective only 
within sub-nuclear distances and therefore confines the 
nuutrons and protons within the nucleus on the one 
hand and makes the sun and the stars shine on the 
other. The electromagnetic force is long-range and causes 
all chemical reactions. It binds the electrons with the 
nucleus, atoms with molecules and atoms with crystals, 
molecules with micro molecules and connecting electricity 
with magnetism gives rise to the generation of electrical 
power. The weak nuclear force is short range, like the 
strong nuclear force, and governs more weird processes like 
the automatic breaking up of elementary particles as well as the 
radioactive elements. The gravitational force, like the electro- 
magnetic force, is again long range, extending upto and beyond 
the remotest stars and galaxies, makes a man feel his weight, 
gives rise to ocean tides and keeps the planets moving in their 
orbits around the run. These widely disparate properties of the 
four basic forces have not deterred the mathematico-philosophi- 
cal scientists from seeking a common cause for oe 
all. Einstein, for example, devoted much of the last part of his 
life to the search for a unified equation of tel eee 
electromagnetic forces. While no one has as yet been > maa 
achieve success in this objective, Salam has succes 

t. 1n un ying 

there seems to be a general concensus at present, oie 
mathematically the weak nuclear force with electromag 


ated, so fe 
nature of th. 
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Two children playing with a Pillow, b 


ing the pillow, develop a force of ae or Snatch- 
consequence of momentum Conservation ce asa 
the f undamental concept by which all the four cae This is 
explained—qualitatively and quantitatively. Let os oe 
this principle. Consider a white man and a black man Bice 
oe Laos on with three magic pillows, a white, a black and 


The white man throwing a white pillow or accepting a black 
one changes his colour to black and his direction of motion 
to compensate for the momentum of the pillow. Analogously 


White pillow Accepting 


ee 


Thrown White pillow 


Accepting 


Black pillow 


Thrown or 


Throun oracepting Aceptin 


Dark white 
RS Pi llow 
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the — man throwing a black 

one becomes a whi i i it i 

shown and are Sie snes aac iii 

The white or the black man throwing or accepting the d 

White pillow does not change his color but chan bas 

direction of motion only. ne 
The conservation of momentum here means that a person 


moving in a certain direction ( 7 ) when throws out a certain 
mass of a certain momentum ( -> ) must change its own direc- 


Pillow or accepting the white 


tion of motion (5) such that the vector sum of his own final 


momentum (®, ) and the momentum of the mass thrown 
(-) must equal the initial momentum ( 7) of the person, 

Enrico Fermi, the father of nuclear reactor and Nobel 
Laureate of 1938 “for his demonstrations of the existence of 
new radioactive elements produced by neutron irradiation, and 
for his related discovery of nuclear reactions brought about by 
slow neutrons’’, used the above mentioned pillow analogy to 
interpret the electromagnetic force between two electrons as 
mediated by exchange of photons. 

Fermi replaced the whiteman by an electron and the black- 
man by another electron and these two electrons played the 
game with the exchange of a dark white pillow he named a 
photon. 

Diagrammatically it is then represented as: 


(Photon) 


Exchange 
Particle 


o chargé 
‘s a packet of energy of zero mass, zer’ 
Lusloieear ert tor boson. In the mathe 


i i Iled a vec 
and spin one. It Is also ca ect¢ oa 
ea theory of electromagnetic interaction, es on 
magnetic force between the two electrons has nae ee 
it the electric current. This current 1s coupled to 


(E- 1 =e~1> E—2=e~2) 
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particle, the photon, with the strength of electric charge e. This 
current is called neutral Current as the exchange photon 
(darkwhite pillow) carries no colour or charge with it. 

Hideki Yukawa, Nobel Laureate of 1949 for his prediction of 
the existence of three Particles, called mesons (x +, m—and n9), 
the basis of theoretical work on nuclear forces, used this 
on n analogy to interpret the strong nuclear force between 
photo or two neutrons or a proton and a neutron. 
two protons the pillow game, replaced the whiteman with a 
vents pine with a neutron and the three magic 
pro th a particle of positive electric charge (x "), a 
ee of aaa electric charge (x) and a particle of zero 
r 
aan charge (x?). 


is is illustrated in the figures 2-a and 2-b where at junction 
This ts 1 


+ and turns into a 
hrows away x 

: 2-a, proton t =+ and be- 
1 in pee - junction 2 the neutron eee whgnes 
as ton. In figure 2-b, the neutron eae 
Comes a d turns into a proton (total part converts into a 
ae 1. the proton absorbs a x4 
and at vertex |, 
neutron. 


Pp 
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_ A x= meson possesses a mass of about 150 MeV 
iS a unit Of energy j i . . (an Mev 
ergy In particle physics), zero spin and . 
charge plus, minus or zero. ne electric 
In strong nuclear and electromagnetic interaction the par; 
a left-right symmetry concept, is known to be conse ved 
Yukawa had to postulate these heavy =~—mesons to orien 
the nature of short-range nuclear force—the force that te 
only at a distance equal or smaller than 10—! 3em. uss 
In exactly the same way, the weak nuclear force could not be 
considered to be mediated by an analogue of the photon or the 
™ meson exchange as the nature of this weak interaction looked 
to be more complicated than that of strong nuclear force or the 
electromagnetic interaction. Firstly the parity was known to be 
violated in weak interactions. Secondly, as proton can interact 
with another proton through the exchange of 79— a neutral 
charge meson, in weak nuclear force no such interaction was 
found experimentally—like a neutrino scattering off a proton. 
However, the weak nuclear force has a vector nature—vector 
minus axial vector form of interaction. This made it natural to 
seek a theoretical framework, a gauge theory, to describe it 
like the electromagnetic interaction which is gauge invariant. 
But there seemed to be at least two fundamental obstacles. 
The one concerned the known form of the weak interaction 
which involves a change of charge by the participants, requiring 
the mediating particle to carry electric charge as neutron 
decaying into a proton, an electron and an antineutrino. In 
contrast, the electromagnetic exchange particle, the photon, 
is neutral and seemed to have no counterpart in the weak 
interaction. The second obstacle was that where a photon 
was a massless particle, the exchange particles in weak inter- 
action have to be very massive to justify the short-range 
character of the weak nuclear force. 
Symmetry principle has become a physicist’s heuristic guide 
to discoveries regarding the laws of nature. As popular audi- 
ences cannot be expected to comprehend much above the level 
of superficiality so I limit myself in describing briefly the va 
lines of Salam’s work on unification with a purpose to oN oe 
enthusiasm among young bright students of Serene void 
the general reader may skip over the next few pages f° 


the depression of incomprehension. 


Symmetries are of two kinds 7 


. —glo 
symmetry, a geometrical concept, reforey and Io l. lob 
tions Or motions in space such as 9 a gro D al 


. of 
rotations which leave the form of an anlations, reflection 
variant. By extending the concept of the ject Unchanged of in. 
and time the mathematicians are workin symmetries to space 
unify the manifold aspects of the unive to understand and 

CTse as it h 
generally, accepted to apply these symmetries ¢ as been, 
entities of mathematical forms than the geomet More abstract 
all these extensions, the basic idea of invarianee. forms, In 
ability, under a group of well-defined operatic Or immut- 
exactly valid as in the invariance of a spherical on Temains 
under any reflection or rotation around the sphere’s vente 
its central axis. For example, the four Maxwell’s equations 
describing | the electrical phenomenons remain invariant, no 
matter which system of coordinates is assigned to measure the 
electrical events. This invariance of Maxwell’s equations is the 
result of space-time symmetry contained in Einstein’s special 
theory of relativity which states that all laws of physics keep 
the same form in any two coordinate systems—systems used 
as a reference to measure the location of any event—provided 
the coordinate systems have a uniform or a constant relative 
velocity. Such an example of global symmetry is called Poin- 
care invariance. 

The other kind of symmetry is called local symmetry. Local 

' i hey are obtained by an 

symmetries are more revealing as they ty and indi- 

infinite set of operations carried out indepen oincate 

vidually. And the much stronger constraint o oe ohyies 0 
invariance is established by requiring the laws 


. formed 
through local symmetry and not throug 0 allowing the 


. : ivalent t . 
of global symmetry. This change 1S oan ted relative velocity. 
two coordinate systems to have an accelera ated coordinate 

It would seem that observers 1 hysics as a0 ob- 
systems would not derive the same ; 
server in an accelerating syst boy swinging on a 
such as the centrifugal force 08 »eognize 
round, Einstein was the first £0 Tee ected with Bin 
induced by acceleration, ate C'O’” ky of relativ! y 
Nal forces. So in his generalized t 
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showed that the laws of physics become inv 
physical laws. This means rhage atte, the eatations of 
: at if a set of physical laws ic. 
variant under some global symmetry, the stronger ¢ S is in- 
of invariance under a local symmetry transformatio "oat 
met only by introducing new fields which give rise to Pe 
forces. The fields so introduced are named gauge field. new 
they have to be associated with new mediating particles Hike 
photon and «mesons, which will give rise to the cor ie 
ponding forces. It is by recourse to such gauge fields in Went 
nuclear force that Salam has been successful to unify the Weck 
and electromagnetic forces. ak 

With the application of gauge invariance what Salam did 
first in 1956, was to predict two massive charged mesons of 
spin one (we call W+) to mediate in weak nuclear forces 
analogous to photons in electromagnetism. This was criticiz. 
ed by Pauli when he wrote to Salam in 1957: 

“There is a similarity between this type of gauge invariance 
and that which was published by Yang and Mills....How- 
ever, there are dark points in your paper regarding the vector 
field Bu. If the rest mass is infinite (or very large) how can this 
be compatible with the gauge transformation Bu->Bu+YuA? 
Every reader will realize that you deliberately conceal here 
something and will ask you the same question.” 

It took Salam ten years to resolve this objection of Pauli. 
The problem of gauge symmetry was that it was only applic- 
able to massless particles like photons. Salam had to develop 
a mechanism to dress his gauge particles, the intermediate 
vector bosons, with masses. 

This was achieved through the concept of spontaneous sym- 
metry breaking—the idea is that a quantum theory could 
possess an exact symmetry, and that the physical states might 
nevertheless not provide neat representations of the symmetry. 
In particular, a symmetry of the theory might turn out to be 


not a symmetry of the vacuum. 

In uniting the weak nuclear and 
Salam has to treat the mediating vector Dos 
members of one family coupled, respectlv 
electric currents with equal basic strengths. 
cannot do so unless there exists a fourth vector 


ariant When the 


electromagnetic forces 
bosons, W= and Y: 4 
ely, to weak an 

He noted that he 
boson, electtie 


ally neutral denoted by Zo, which ig 59 
current which was then thought t ouPled toan, 

According to this theory i We © Non-existent 
respective currents, with the cou lin Z9 get Coupled ¢ 
e/sin9 cos§ where @ is an angle ping Strengths e, e/si 
So Salam’s unified theory predi termined by ¢ 
current in 1967 which was, 
CERY tet in ae 

Parity violation in elect 
as the electromagnetic interaction and th 
are different manifestations of the sa , wea nuclear force 
interaction shows parity violation. me “oree—and weak 

This was a very crucial conse 
and when parity violation in electromagnetic interaction in th 
conventional sense was observed at Stanford in 1978 in the 
scattering of polarized electrons off the deuterium target 
there was almost a universal acceptance of the unified electro- 
weak thee of Salam which was also, independently, worked 

ut by Weinberg. 

The value of any theory depends upon the number of ex- 
perimental facts it serves to correlate, and upon its powers of 
suggesting new lines of work. So the third prediction of Salam’s 
unified electro-weak theory is that “there must exist two new 
heavy elementary mediating particles of the weak nuclear 
force (e.g. here W*+ and W— have been considered as one 
particle where the other becomes its anti-particle) with masses 
80 and 90 times proton mass, the first charged, the second 
electrically neutral (e.g. Z°). 

The European Nuclear Research Laboratory cer”) at 
looking itself to produce the requisite ene missio 
protons and anti-protons with its new accelerator, 


: be 
ed a few years back. If sufficiently energetic, nore iments, 
n . 
produced, one may expect that nist will be carried out. 


to check if the predicted particles ¢ is produce —and there 
If such energeti oot at ang the requisite intensity = 
i i ies ; et er 
one formidable coy particle accelerat h vere veape i" 
and intensities still higher to check t 
ment—the existence of the coin 50 
particular the heavy photon (Z°)~ 3 


Cutra] weak 


© their 


quence of this unified theory 
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the 1919 eclipse measurement of deflection of 1; 
tablished Einstein’s theory of gravity. This time i: ; 
: . pee IME it is the y,: 
cation of the weak nuclear force with the el the unig. 
which is at stake.” This is what Professor Salam “ctromagnetic 
Dr. Samuel Johnson, one of the most te as peti 
age and the author of the first dictionary in Spits Of his 
remarked in 1770 that “if Newton had flourished eee 
Greece, he would have been worshipped as a Divinit ea ou 
may also be said of Salam_ if experiments establish th oes 
new heavy elementary mediating particles of the weak . ne 
force do indeed exist in nature. eee 

As the basic mathematical feature of the Salam-Weinberg 
theory is the ‘gauge principle’, it is believed at present that 
this principle can be extended to relate the Strong nuclear 
force to the clectro-weak. 

On this point, Salam said in 1977: 

“If we think of the strong nuclear force, could this also be of 
the same character as the electrical force? Then, to be more 
ambitious, can we ever realize the dream of Einstein that 
these three forces, joined together with gravity, can be shown 
to be aspects of one single force? The gauge principle permits 
such unifications, but unhappily, to verify these ideas would 
be almost prohibitive. One would need energies of the order 
of 195 GeV to make the unification between these forces 
apparent, and energies of the order of 10!9 GeV to make a 
direct verification of the unification of gravity. 

An accelerator of energy 105 GeV will probably never be 
built—it would need to have a radius of 200 kilometers (ac- 
cording to technologies available at present). So one will have 
to rely on indirect evidence. 


This could be of rather an unusual kind. For example, some 
ecay of proton. 50 


idence could come about by studying the d 
hs have assumed that the proton is a stable particle. . ie 
unification ideas of the strong force with the scone ee ‘ 
correct, we predict that the proton will be found . on 
Salam’s work on unified electro-weak theory ie ea 
nized by the Institute of Physics, London when . ae ributiows. 
ed the Guthrie Medal and Prize in 1976 for his carats - 
“In recent years he has made important co 


icipate 
the quantum theory of gravity. Professor Salam anticip 


ght Which ¢¢. 


the crucial role of the two component . cy 
Jation and correctly predicted the for Neutrino in ieee: 
Ten years later, he correctly Predicted le Weak interac ca 
neutral currents on the basis of aan Ps EXistence 
of weak and electromagnetic interacti renorm 
In 1978 an avalanche of honoue Be 
will quote here the address delivered fe 
occasion of the award of the Royal a L 
of the Royal Society, to Salam in 197. 
“Professor Salam has been a ve 


theoretical elementary particle p 


work on renormalization theory and was one of a numb 
of theorists who independently suggested the sie umber 
neutrino. This added greatly to our understanding wu 
weak interaction. He was also one of the first people to 
realize the impotance of gauge field theories. However, his 
major recent contribution to particle physics is his unified 
theory of weak and electromagnetic interactions. It will be 
some time before all aspects of his theory can be checked 
experimentally and it may well be that it will need some 
minor modifications. But the Salam-Weinberg theory (the 
same idea was independently suggested by the American 
theorist Steven Weinberg) predicted the existence of the 
neutral weak currents that were discovered about two years 
ago at CERN and it remains the successful bench-mark 
with which all quantitative investigations of these currents 
are compared. The unification of the weak and sana 
magnetic interactions has been justly described as ana aoe d 
to the nineteenth century unification of ehctiny -t 
magnetism. It is an idea of the first nuasdeet? aye 
Salam has also been active in promoting 


. ; hich he is 
developing countries. The Institute at eared bea ae 
Director, plays a leading role in encouraging, ilities for 

» play ding visitors with facilt 


in these countries by provicm™s 

individual study and research. sepia 

The American Institute of eee majority © 
physics societies representing the ee vvcipient © 
physicists, named Salam for 1978 as the a io salam 
Medal. The Certificate of citation pre 


award reads: 


tion, 
“of weak 
alizable theo ry 


for Salam. B 

- But | 
Ord Todd On the 
al, the highest medal 


Ty Prolific researcher in 
hysics. He did important 


tion of nine 
¢ American 
f the Tate 
with the 
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“Founder of the International Centre for 
Physics, Abdus Salam has contributed greatly 
gress of theoretical physics all around the world, 
to scientists of all countries opportunities to 
productively. The numerous papers that originated from 
such collaboration have advanced knowledge in diverse 
fields of physics, from elementary particle physics to solid 
State physics. Under Salam’s leadership the Centre gave 
unique opportunities to physicists from developing coun. 
tries to collaborate with leading theorists from all around 
the World, thus increasing greatly the Productivity of 
physicists at Universities in developing countries, strength- 
ening scientific cooperation on a global scale.” 

In 1979, Professor Abdus Salam, along with Steven Weinberg 
and Sheldon Glashow, was awarded the highest honour in 
Physics —the Nobel Prize — for his work on the theory of the 
unified weak and electromagnetic interaction between elemen- 
tary particles, including inter alia, the prediction of the weak 
neutral current, by the Swedish Academy of Sciences in the 
light of the recommendations received from the Nobcl Com- 
mittee. The Nobel Committee’s recommendations are based 
on the proposals received from various sources. The right 
to submit proposals to the Nobel Committee for the award 
of the prize, based on the principle of competence and 
universality, is enjoyed by: 

1 Swedish and foreign members of the Royal Academy of Sciences; 

2 Members of the Nobel Committee for Physics; 

in Physics; 

: aed air eer fe cath in physics at the Universities and 
tutes of technology of Sweden, Denmark, Finland, Iceland and Norway, 
and at Karolinska Institute, Stockholm; - 

5 Holders of physics chairs in at least six universities or un 


, ; ing an a 
selected by the Academy of Sciences with a view to rane pines 
priate distribution between different countries and their seats 


and nr 
6 Other scientists from whom the Academy may see fit to invi 


as 
Professor Salam describes the Nobel Awards ae 
follows: “The Nobel Prize ceremony 1s 4 wonderfu 


i ueen 0 
For ten days we were the guests of the King and Q 


] with our 
the Grand Hote é 
Sweden. We were accommodated in Me arsed on the 12 orning 


families. The awards ceremony 1s Te 


Theoreticaj 
t0 the pro. 
by Offering 
Collaborate 


Insti- 


iversity colleges 
pro- 


proposals: 


of the award. On the day 
and Queen wait for you an 
blowing of a trumpet, w 
along and when it stops y 
then again the trumpet so 


mony is indescribable. Dur 
- During the b 
from each ject i ae 
ach subject is asked to give a thee minute b 
= € Danquet 


address, to trumpets agai 
: again. I was ask 
of Physics and here is the text of ny aa respond to the toast 


Your Majesties, Excellencies, Ladies and Gentlemen 


On behalf of my collea 
gues, Professor Glash i 
my ; ’ ow and Weinberg, I th 
as irate a aod and the Royal Academy of Sciences ike seth 
no and the courtesies extended to us, including the courtesy to me of 
being addressed in my language Urdu. 


Pakistan is deeply indebted to you for this. 


The creation of Physics is the shared heritage of all mankind. East and 
West, North and South have equally participated in it. In the Holy Book of 
Islam, Allah says: 


“Thou seest not, in the creation of the All-merciful any imperfection, 
Return thy gaze, seest thou any fissure. Then Return thy gaze, again and 
again. Thy gaze, Comes back to thee dazzled, aweary.” 

This in effect is, the faith of all physicists; the deeper we seek, the more 
is our wonder excited, the more in the dazzlement for our gaze. 
tonight of this, but 
have lost out in the 
d resource. 


I am saying this, not only to remind those here 
also for those in the Third World, who feel they a 
pursuit of scientific knowledge, for lack of opportunity 


Seat Jour will 
Alfred Nobel stipulated that no distinction eee “el me say 

" . 7 . : n ? : 
determine who received of his Bee is BOUNtY Let us strive to Pr ss? 


this to those, whom Ged has given 
equal opportunities to all so that they fe 
Physics and science for the benefi ‘ deqlg which perm 
be in the spirit of Alfred Nobel and t 
Bless you! 


Chief Scientific Advisor to 
President of Pakistan (1961-1974) 


Salam was introduced in the corridors of Power in Pakistan, 
the first time, by Mian Iftikharuddin who, in his own daily 
newspaper, inspired a long article entitled: 

“Pakistani Physicist makes his outstanding contribution”. 
Mian Iftikharuddin was a cultured intellectual and a shrewd 
politician who joined the Muslim League by resigning from 
the position of the President, Punjab Congress Party, in 1946, 
He met Salam in London in 1957 while on a visit to the U.K. 
to get his son Arif admitted there. 

With the colonial indoctrination for the intellectual in- 
feriority of the Asians and the historical void among Muslims 
in mathematical knowledge, Mian Sahib was unspeakably 
astonished and impressed when he learnt that Salam had been 
appointed a professor in Britain. It was during that period 
when, in a series of articles published in the Pakistan Times, a 
ghost author, probably Dr. M. D. Taseer, perceived that 
when “Pakistan rules Britain”, then a Pakistani would get 
appointed a professor of Urdu in England; so with this back- 

i i i Iftikharuddin, on 
ground at the back of his mind, Mian Ife a 
return to Pakistan, got this article in print in the Paks 
Times, dated 25 August, 1957. 


The immediate effect ; 
the Punjab University rein article generated 
an honorary degree of D. Sc in r Salam Gone Was 
into power in 1958, Muh ; Decembe; 19 erring on hj 
puke of Edinburgh as a die oe 31. - 
Pakistan Scienc S 4 distinguished an, along with 

€ Conference in if Suest, inaugu the 
pono gee the President after a, patie pa 
ub aske ; 
. an ee ee the Govern tin th 
the Chairman PAEC. As es Dr. Nazir Aties Li 
Salam was appointed a St Gs then 
his suggestion Dr. I. H. Usmani, a CSP 
working at that time a5 Controller 
was inducted as a full-time a iraae 
standing that, on Dr. Nazir 


mission, on August 4, 1959, President Ayub said: “In the end 
I must say how happy I am to see Prof. Abdus Salam ae 
midst. His attainments in the field of science at such a young 
age are a source of pride and inpiration for us and I am sure 
his association with the Commission will help to impart weight 
and prestige to the recommendations.” 

A detailed account of the period of Salam’s involvement in 
the organisation of science in Pakistan brings in some diffi- 
culties including a sort of personal detachment, that I lack. 
In addition all through the written history of mankind, it has 
indeed been a very dangerous thing to look too closely into 
the workings of one’s own society. I have, therefore, limited 
myself to the task of highlighting the contributions of ae 
efforts to develop science and train scientists in Paar ; 

His immediate priority in Pakistan was tO train eee 
He succeeded in persuading Me eet - hel 
Secretary of the ministry of 2 juneeeih 
from §.G. Khaliq, an O.S.D. tae 
to allocate funds for six yearly scholarships f° 
Studies in physics. This scheme? continued for t 
helped persons like Riazuddin, Fayyazudd 
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sa eee their Ph. D. studies 
eataes us urging, an extensive traini 
are nched in PAEC to develop scientis 
lous nuclear fields. For Salam to cha 
role of science in a static Muslim societ 
task. It meant the introduction of effectiv. 
oe ere method and outlook to release the social orde 
y of the disorders which it has afflicied to Over the | r 
few centuries. There were many problems present in piney 
tration, education, the penal system, public health, rads 
growth and the economic life of the nation in which a pro : 
supply of scientifically ascertained facts was an indispensabiz 
preliminary to applying scientific methods in determining Wise 
actions for their reorganization. 

Salam knew that Pakistan had neglected to develop, organise 
and use the nation’s intellectual resources. He also had ex- 
perienced that the shortage of scientists was due to the fact 
that the career of a scientist in Pakistan was most precarious 
and the government had exhibited a complete lack of imagi- 
nation and had therefore failed in developing, conserving and 
mobilizing scientific manpower in the country. His remedy was, 
first to train scientists and to increase endowments to Uni- 
versities for scientific teaching and research and to make them 
comparable to western Universities; second to create a National 
Scientific Council and the ministry of scienc2 and technology 
by deploying one percent of national income on trained Te- 
search workers, laboratories and scientific equipment in the 
best interests of national welfare. 

Salam was also instrumental in persuading the Government 
of Pakistan, through President Ayub, of the national ane : 
the creation of the PINSTECH Laboratories in pee . 
(Institute for Nuclear Science and Technology) for whic 


id : —the 

amount of rupees one hundred million was i 
: : 

amount that was partly well-spent and partly oment 


on the laboratories’ buildings and the scientific ar i 
by the full-time salaried science saunas aunt) 
country. For the nuclear-power programme _ 4) Megawatt 
he advised the Government to sct-up @ ie fyel al 
Power Reactor in Karachi with natural urant the fissio® 
heavy water as moderator for slowing do 


pe Simul. 
N§ Programme was 
ts and engineers in 
rt out the dynamic 
Y Was not a simple 
© attempts for utili 


On his way to Dacca h : 
seraty laboratodeca: alia in Karachi where the tem- 
Wharf, including an active 
study of meson-interaction e 
Professor Salam had invited Si 
Atomic Energy Research Est 
Laureate of 1951 “‘for the pi 
of atomic nuclei by artificia 


board. Then before Cockcroft was to come into the emulson 
room, the Director of the laboratories, a physicist not involved 
with the emulsion group research, was seen standing near the 
blackboard rubbing off all that was written on it. However, a 
few minutes later Salam entered the room and asked the re- 
search scientists why it looked as if the blackboard had never 
been used: he immediately called them at the blackboard and 
started discussing a certain problem. At that moment Cockcroft 
came in and observing Salam explaining the meson interaction 
complexities remarked: “Oh you have already eau 
your research group”. This is just a glimpse of the genera 
scene depicting how our society works at cross ela ee 

At Dacca Salam talked on “Technology a \ es and 
Attack on Poverty”—a topic still of increasing He gi 
over-riding priority 10 saa 2 : Faience urging 
Salam quantified the economic laws © overty from its teem- 
Pakistan to adopt them for eradicating Pp 


“lions. caer 
yee “There are times when alt : oats not 
scientist may also expres | : 
because he has new ins's -. which need saying 4m 
rouge Us. Deliey passionately "We in Pakistan, are very 
cannot be said often enough...- "™ 
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poor. This poverty we share with the majority of the h 
race, with some one thousand million People in abo i" 
countries....This uneven distribution of wealth 
of a recent origin. Three hundred and fifty years back Akbar 
India and Shah Abbas’s Iran compared favourably in len 
standards with Elizabeth’s England. Soon after, however the 
western growth started. It coincided with a great technological 
advancement in agriculture and manufacturing methods. 
What, however, distinguished the nineteenth century techno. 
logical revolution was the fact that it was firmly based on a 
scientific mastery of natural law....The last hundred years 
have seen nation after nation starting with something like 
our conditions and crash through the poverty barrier. The laws 
governing this type of transformation are now well under. 
stood”’. 

Salam continued: “First a society must acquire the requisite 
technological skills, secondly it must save and re-invest more 
than five percent of its national income in productive enter. 
prises”. He said: “To double the standard of living in forty 
years needs an investment rate of ten to fifteen percent; to 
double it in a decade, a nation needs to invest about twenty- 
five percent of its national income.” 

Emphasising skill and capital Salam elaborated: “These 
then are the two prerequisites for building up a self-reinforcing 
economic growth. Nation after nation has acquired this in 
the last two centuries....Four of these experiences—those 
of Britain, Japan, Russia and China—however, stand out 
clearly”. 

According to Salam: “The British showed that the poverty 
barrier can be crashed through if skills and capital are avail- 
able. The Japanese showed that technology is communicabl 
that it is easy to learn and acquire. Japanese experience force 
home the moral that technological competence is not a here ‘ 
tary characteristic; that it can be acquired and in fact ne 
rather quickly. Russia showed that transition A elescove 
growth need not take a century or longer. It can be e 
’. life provided heavy industry 
into the span of one man's Pp «ce ext 

i iori hen finally there is the Chinese 
ceives top priority. And then y «itself a form of 
perience underlining that cheap labour Is is 


capital’. 
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life ti y 1S a portent of hope: S€ national Producti. 

our life time, using the s Pe; hope that Dos eit 

S1Oly Within 


; a 
also achieve the same” me methods, we in Paki 
y 


ymous with Kufr”, Let me 
say 


. . ° my comm 
like to see this saying of the Prophet (peace vat I would 
© Upon him) 


on the doorpiece of e igi ; 
There may be other oritent, iar seminary in Pakistan. 

. ras well, but j we 
of the twentieth century, in m veil, Dut in the conditions 
criterion of Kufr is the passive tolecation the Most relevant 
the national will to eradicate it” On oF Poverty without 

Now when in 1981, we look back at our hi 
ment, one may probably say that, in all vatnestness we roe 
passively tolerated poverty in our midst. And accordin “to 
Dr. Johnson, “‘he that voluntarily continues ignorance “and 
poverty is guilty of all the crimes which poverty and ignorance 
produce; as to him that should extinguish the tapers of a light- 
house, might justly be imputed the calamities of shipwrecks”. 
To emphasize the vital necessity for the emergence of an en- 
lightened political leadership for a successful attack on poverty 
Salam quoted Rostow’s words that: “The nation not only awaits 
a surge of technological development in agriculture and indus- 
try, but it also needs the emergence to political power of a 
group prepared to regard the modernisation of the economy 
as a serious high order political business—such was the case 
in Germany with the revolution of 1848, such was the case with 
Japan with the Meiji restoration of 1868, such was the case 
with the Russian and Chines one “Lal us be absolutely 

Finally Salam concluded his address: trying to usher 
clear about the nature of the revolution “ ar and thus it is 
in, It is a technological and scientific revolu a to the massive 
Imperative that top-most priorities are 8 
development of the nation’s scientific and t 
let future historians record 


with all the vehemence at 
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Prosperity was taught b 


economic transition to 
wth as rapid as the Rus wakistan in 


CR ine @ rate of gro | 
ae nantes the corresponding cost in ee a the 
five Taiece alam’s Preaching in 1961 at the age of a 
eles intoween prin Salam divided his two deca des ae 
as ahevdecaa istinct Categories—the first decade ioe i. an 
noneeo. innocence and hope and the second = 
eC, 


1964-74, as that of growing f; i 
’ ne f : 
lescheee & 8 frustration and a feeling of hope. 


Salam’s incisive and persistent analysis on the human hi 
of economic development in his te 


“Technology and Pakistan: 
99 Os akist . 
Attack on Poverty” rivetted everyone’s attention; as the ii 


lative impression was of stupendous brilliance and one scarcel 
knew whether to admire most the knowledge and ehoeren : 
expressed so vividly, the strategy employed, the oa 
energy spread in the address or the daring to reflect on the 
various alternatives revealing sensitively the germination of 
his revolutionary ideas and emotions. As he looked dangerous 
for the established order of society, he was to be tamed and 
harnessed and consequently, at least as I interpret it, he was 
appointed the Chief Scientific Advisor to the President of 
Pakistan the same year. 

Salam was reluctant to lose his innocence by accepting the 
honorary position of Chief Scientific Adviser, as he was fully 
conscious of the fact that it was not sufficient to discover and 
prove a useful truth but it was also necessary to be able to 
propagate and get it recognised and implemented; and he 
clearly perceived that he would not be able to do it 
from abroad against hurdles and lack of appreciation on 
the part of the bureaucracy. When the President wanted 
to sign the document Salam was called at the government 
house Lahore where the President was then staying. He 
was on the verge of saying no when Qudratullah _ 
then Secretary to the President, intervened. It was i i 
prevailed upon Salam to accept the ae apa’ a es 
all the help would be forthcoming to get his as cad 
recommendations implemented in the field 0 


Technology in Pakistan. d Salam te 
: Ayub wante ; 
According to Shahab, ee Lie d basis wheress 


work in Pakistan on full-time an 


salam’s preference was to have a ; " 
status which would not cause a destruc . 
pis researches in high energy theoretical 
College, London. Shahab Observed ‘ 
ment as scientific adviser to the p 
scholarships for scizntists and engine 
fold and scientific projects recomm:> 
support from ine President for their ntatio, art lrect 
the Ministry of Finance started Objections that th Ge 

he Gover - 
rn for the amount 
f course Oblivious 
ence has to attain 
lure and its overal} 
tt flowing directly 


and rapidly to the public at large. And only at that critical level 


its significance asa multiplier of wealth gets that obvious 

where the limiting factor becomes not the amount of money 

available for expenditure but the number and the quality of 

scientists who can use that money As a Chief Scientific Ad- 

viser, Salam continued to draw public attention to the lack 

and neglect of science and scientific education in Pakistan. He 

wondered that why the nation’s educational conscience had not 
been strung by the obvious thought that it had neglected 

science. For him the trusting of luck in accepting poverty was 

a mark of the dangerous complacency bred of ignorance, as 
the success to economic prosperity depended largely on the 
possession, by the national leaders and administrators, of the 
scientific method and the scientific habit of mind; and Salam 
exercised all his tact and influence to convince them that 
drastic reforms in college and university education were 
necessary for the national welfare. He developed a Coed ond 
theme that a nation superbly trained in scientific metho ml 
scientific habit of mind and agitated with a rattan POS 
scientific knowledge would no doubt attain comfor a be 

. . Id be that it wou 
perity, but its greatest reward wou rry out 
. . education to ca y 

equipped with a deep and genet blic and private, t0 
skillfully and justly the duties, both pre its country. 
Strengthen the security and prospert'y “ad several distinct 

For him the teaching of science, ae himself experienced, 
kinds of educational value. As he had Mt 
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Science arouses and sati 
; satisfies the e 
natures, stimulates curiosit eeent of wonder in 
the facul y, quickens and cult; Our 
aculty of observation, teach ivates dire 
hj ; , teaches the learner t tly 
IS Own noticed facts, discinli O Treason f, 

, disciplines the powe a 
awakens the thinking powers, encour ts of mind ang 
Criticism and strengthens the power of . a attitude of 
Seneralisation. So science is a valuabl at and avcurate 
mind. ; a uable vehicle in open; 

, in training the judgement, in agitati Pening the 
and i Itivati idgement, in agitating the imaginati 
in cu tivating a spirit of reverence. Science’ Teen 
applicability are obvious through its necessi S utility and 
defence, in offence and in the i sy Wat, in 
prosperity of industri 
trade—all th ustries and 
; is led Salam to crusade for wider and hj ‘ 
Science teaching and research in Pakistan and’ higher 
Referring to sci 
Teche; BA ence and technology Salam once wrote: 
nical Competence and material prosperity h 
synonym d it is thi i Oe be come 
nonymous anc it is this cardinal fact that the poorer t 
third of humanity is beginning to realize. It is this cardinal 
fact that the developing world must come to grips with today” 
To illustrate that these material inequalities are not ve 
ancient, Salam wrote: “I shall start my story about three 
centuries ago. Around 1660 two of the greatest monu 
4 hi ; ments of 
modern history were erected....one in the West and one in 
the east—St. Paul’s Cathedral in London and the Taj Mahal 
Agra in the India of th ewe 
A e great Mughals. Between them these 
" oO monn symbolize, perhaps better than words can 
lescri ed, the comparative level of craftsmanship, the compara- 
tive level of architectural technology, of affluence and sophisti- 
cation the two cultures had achieved at that epoch of history. 
But at about the same time was also created, and this time 
only in the west, a third monument, a monument still 
greater in its eventual import for humanity. This was 
Newton’s Principia published in 1687. 
Newton’s work had no counterpart in the India of the 
Mughals. The impulse-springs of Islamic Science had dried up 
earlier. The Taj Mahal was about the last flowering of a tradi- 
tion, a tradition that was no longer creative. a tradition that 


was soon to wither and die.” 
With this level of perspective 

President Ayub in Pakistan to support 

of Pakistan Institute of Nuclear Science 


in history, Salam urged 
and sanction the creation 
and Technology—4 


creative scientific Monument 4 
7 . to 7 : 

Pakistan, and this appealed to re Sid Sclentific Culture in 
PINSTECH was created at NIL 2 sound ady 


i 
in Islamabad, pei 
International Centre for Theoretica) Physi 
ics 


While earning the adverse remarks in his an 


report from his principal for attending a sci 


nual confidential 
. entific discnee: 
in Bombay, Salam had already sworn that he ae 'scussion 
to try to create a mechanism wh Continue 


ic ee 
gifted individuals while they still a ay aoe of 
countries. He wanted both a place where pins own 
veloping countries could freshen their ideas and a Se de. 
tists from everywhere could do rese eh 


ae arch of the highest order and 
he wanted it in Pakistan. So in 1960 he thought of the idea a 
establishing an International School for Theoretical Physics, 


under the auspices of the IAEA. In 1963, Salam Tequested 
President Ayub for a generous offer from the Pakistan Govern- 
ment to get this Centre established in Pakistan. In Salam’s 
presence President Ayub asked for advice, on the telephone, 
from his finance minister, who replied ‘“‘Sir, the professor is 
trying to set up an international hotel for the world scientific 
community—and not a school of theoretical physics in 
kistan”’. 
genie relates in detail how he, in September 1960, first 
proposed the school: “I had the privilege of attending the 
General Conference of the IAEA as the delegate seat 
country. With the co-sponsorship of the ee ak 
Afghanistan, the Federal Republic of satan ee ere 
ee ret oe ree a eu suggesting 
a reolunon on ; = a centre under the auspices 
ine ering oP cnet ie idea met with enthusiastic 
of IAEA. Right from the outset the tatty front it 


irectorate, particu 
support, from 5 oer a Sigvard Ekland. Two of our 


asin Director Genera rt Oppenheimer 
oe onsors were Niels Boht sere effort, the 
most ardent sp ears of intense behind-t t up such a Centre 
...After four y IAEA agreed to set UP f the finance 
Board of Governors of ided the bulk 0 


de ost 
ote bee a ee te {AEA funds. The m 
u 
for it could be found © 
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generous was the Italian Government’s o . 
offer was accepted and the Centre started Taree Trieste, This 
ber 1964 with a mandate until October 1968.” Te iN Octo, 
received as visitors, leading physicists from ninety-son Centre 
tries, eighty of them developing. With the Coun. 
the Ford Foundati eencrous grant fro 
indation and some from UNESCO, the Ce m 
Pays the associate’s fare and his expenses at Trieste. An Ae 
Simulter physicist working in a developing country whe i 
y a member of the Centre’s staff for a pa; 
“ to 5 years which is renewable. Period 
ote IAEA, ahr te reo es alan 

; fA, our of the cre. 
ation of this Centre, a dear friend who was an adviser to the 
United States delegation (a physicist and Nobel Prize Winner) 
turned to me and said: “Salam, you have succeeded in having 
voted in a Centre for the developing countries, but so far as 
physics is concerned it will be a developing Centre.” I saiq- 
“Professor....I promise you that it will b2.a Centre of such 
quality that in time you will feel honoured to receive an invi- 
tation from it.”’ By 1968, I was able to invite my friend to visit 
us here. He was generous enough to write back that he was 
indeed honoured to come to a Centre of such great reputation 
in physics....” 

Eight Nobel Prize Winners attended the International Sym- 
posium on Contemporary Physics in 1968. In all branches of 
physics that the Centre has touched since 1964, the world’s 
best have come to Trieste to give of their time for little compen- 
sation, a contribution that cannot be quantified. By the end of 
1980, the number of scientists visiting the Centre every year 
was running around 1,600 and an estimated 10,000 had been 
able to benefit from it since it was opened. Salam considers this 
Centre as his greatest direct and most successful contribution 
to mankind’s progress and prosperity. And most of those who 
know the Centre agree with him. 

Salam continues to propound the desirability of establishing 
more such Centres at the international level. Quoting Gunnar 
Myrdal, Salam argued: “There isno human more arrogant 
than the economist who receives a three-year Ph. D. training, 
at the end of which he believes that he can draw up 4 Pan’ 
development for his country for the next decade in 4 mat 


: 7 
of one wakeful night. The Science post. 5 
years, becomes a Cripple. He Tefuses ¢ ey after thre 
field except the narrow one i © look at ; 


ne N which he ; + at any researc 
This is the tragedy of the scene roe ecialized, h 
Universities. For rich countries, it oe 
; n 


tyt 
Ph. D. ¥ to learn aft 


ng imparted by our 
Ot matter so much. 
&F one has taken his 
For the developing country; 
the ries, there j 
And this is where a centre such as pee A , 


: ours comes j ; es 
On another occasion, Salam wro into the picture, 


; te: “He (physicist 
stimulus of hearing the rare men of genius ae : 
e 


ideas which have changed or are changing the whole direction 
of his subject; he needs regular discussion with the acti 
workers who are busy exploiting these advances.. rhe 
greatest enemy of creativity for those living in developing 
countries is their isolation. ...The only rational, logical solu- 
tion to this dilemma appears to be the setting up of international 
centres for theoretical physics functioning under the auspices 
of the United Nations Organization’’. By this time he seemed 
to have lost hope that developing countries would do any- 
thing at ali on a self-reliant basis! 


Swat Science Conference at Saidu Sharif 


With Salam’s initiative an exclusive science conference, 
attended by the country’s top-most scientists na a ae 
vited by special invitation from the Scientific at he me oe 
Division, was organized in the presence and = th : Pa : : i 
of President Ayub Khan in Swat at Saidu Shar! . a a 
1965. There were formal and informal discussio 


: i tmos- 

days with mysterious clouds noe ag av ieee a 
: had already starte once 
ee from India. On the last day a pn a 
Salam looked troubled and ee meaningful would 
car with me reflected inaudibly, “N° r except that many 


nding Wal SAVE as 
come out of this ill-thought out pe get sacrificed. 


ie Id 
of our flowering patriotic youth wou 4 Chief 


vant of P 
e President oF ** n the place 
In his address to the “The first occasion i hen you 
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wrote: “The abundance of agricultural riches 
soil’s bounty provides us owes its Origin to the Superb irr; 
gation system—the largest in the world, irrigating some 
million acres—which the British left us as a legacy of a 
Century dam-building technology....the truth is is 
amount of imported technology without very strong 
nous backing will lead to a longterm solution of the Problem 
of under-development. The developing world has been import- 
ing black-box technology for at least half a century. If any- 
thing, this has magnified their under-development. 

Technology, in order to take, inorder to get assimilated into 
the fabric of a society, in order to become part of its tradition. 
needs a strong local base of scientific knowledge and skills. 
Before a true technological revolution can come about, this 
base will have to be created. And for the creation of this base, 
for the creation of the instinct of what is credible and what is 
not, what is scientifically and technologically genuine and 
what is deceptive, there is nothing as potent as the direct ex. 
perience of living science—living in one’s own conditions and 
environment, and flourishing within one’s own cultural tradi- 
tion.... 

He said: ‘‘Waterlogging and salinity are as old as irrigation 
itself. It has also been known for long that proper drainage is 
the only answer, but what makes horizontal drainage im- 
possible in the Indus plain is the unfortunate circumstance 
that the plain slopes no more than a foot per mile. Horizontal 
drainage would be prohibitive in cost. The Revelle team sug- 
gested vertical drainage instead....mining of fresh water from 
an underground reservoir, known to exist, by a network of 
deep tube-wells. Some of the water would seep back under- 
ground, leaching away the salt in the process. Also the 
general lowering of the water table on account of the 
pumping would cure waterlogging. Vertical drainage had in 
fact been tried in Pakistan for the last fifteen years, but 
the results were discouraging. 

The great contribution of the U.S. team was to stress 
difficulty came from using the method on too small a sca 
single well, for example, has no effect on the water gett 
because water seeps in from the surrounding areas as fas ee 
is removed. To achieve a substantial lowering of the 
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Other Contributions 


With a constant worry for undeveloped countries’ economic 
poverty and its causes, Salam, in 1963, mentioned Al Asulj 
a great Muslim Physician who divided his pharmacopoeia 
into two parts, “diseases of the rich” and “diseases of the 
poor,” and wrote: “If Al Asuli were alive today and could 
write about the afflictions of mankind I am sure he would again 
plan to divide his pharmacopoeia into the same two parts. 
Half his treatise would speak of the one affliction of rich 
humanity—the psychosis of nuclear annihilation. The other 
half would be concerned with the one affliction of the poor— 
their hunger and near starvation. He might perhaps add that 
the two afilictions spring from a common cause—the excess of 
science in one case and the lack of science in the other”. ian: 

Quantifying his country’s poverty Salam wrote: ety 


i d live on 
ercent of people in my country of Pakistan earn an 
: i : t live on less than fourteen 


e two daily meals, cloth- 


ing, shelter and any education they can get.’ feast 

Switching over to the nucle 
the nuclear problem is tragic on 
waste of the earth’s resources. For 


th o 
for it claims the last ounces of the streng 


e—sages like : 
Breatest sages of our Abt immediate ¢ 


may otherwise have preache a aeaeay : 
hunger and want.” Raising 4 question ugh our ow? follies. 
Salam answered: ‘‘Mostly 10 doubt throug 
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But let me humbly suggest that it ma: 
are financing some of the prosperity of the rich. Ye 
year I have seen the cotton crop from my Village in 
fetch less and less money; year after year the impor 
lizer has cost more”. For the eradication of 
Proposed a condensed plan of action in these words: “jy 
consists largely of taking stock of a country’s natural resources 
It consists of the long process of acquiring some of the well 
known technical skills. It consists of making an imaginative 
assessment of which of the resources can be technically ex. 
ploited most expeditiously within the human and materia] 
means at one’s disposal.” 

Along with this proposal he introduced a note of Caution 
by writing that “in most undeveloped countries there are 
few men who can make the right lists of priorities”, implying 
that their education system was inferior and defective lacking 
the desired content and quality of scientific instruction and 
research. 

At another occasion, at the university of California, Salam 
spoke rather philosophically: “It is fully possible that a new 
phase of industrialization may come, this time financed by 
loans from the World Bank and helped by experts from abroad 
but this phase may leave the heart of the country so far as 
development of indigenous technical talent is concerned, as 
untouched as ever before. And there is real danger that this 
could happen, for the World Bank or any other aid-giving 
agency, with the best will in the world. is interested more in the 
completion of a project in the shortest possible time rather 
than in seeing that it should have been executed by the Pakistan! 
technicians to give them the requisite confidence and experience 
—there are other dangers too....the nightmare, for example, 
of the discontinuance of foreign aid programme”. — 

Feeling sensitively that the economic inequalities i a-Pe : 
country are more disturbing than those in an affluent ae 
Salam explained: “We face in this respect a dilemma aes oth- 

to most developing countries; in a growing polity there : fe I 
. destructive of morale than economic inequality. 
ing more des 1 large differences 
a country where general affluence prevails, he bulk of your 
ot income can perhaps be tolerated, but at ole is, how does 
population is at a starvation level. ...our dilemma 1s, 


y partly also be that We 


ar after 
Pakistan 
ted ferti. 
poverty Salam 


° * ye 8 
one continue providing opportuni | 


ate inequalities they must Prod 
morale”? 

An international seminar in Ny ; 
in 1967 at Dacca where PAEC labore » was Organized 
missioned a four MeV Van de Graaf aceele ad already com. 
research in proton interaction. Some of thet rator to conduct 
cistsfrom Europe and the USA were invit OP nuclear physi. 

, ed, through Salam’ 

personal contact and influence, to participate in th; am’s 
In his inaugural address at this seminar Salam is seminar. 
“Almost exactly twelve hundred years ago Abautnn 
Mansur, the second Abbaside Caliph, celebrate d the found: 
of his new capital, Baghdad, by inaugurating an Internation 
Scientific Conference....Al-Mansur’s Conference succeeded 
beyond all expectations. It laid the foundations of astronomical 
and mathematical studies in Islam; out of this Conference 
grew the idea of the founding of one of the world’s first Inter- 
national Academies for scientific research, the Bayt-ul-Hikma. 
But even on the more practical, more pragmatic plane, from 
the Conference dated the architectural and engineering studies 
of Naubakht and Mashallah, both of whom attended its sessions 
and who were later responsible for some of the major monu- 
ments of Baghdad. From this Conference dates the craft of 
instrument making in Baghdad, the specimens of which still 
survive in the masterworks of Isa Asturlabi. 

No one can say whether the contributions at our meeting 
today will in retrospect of history make this symposium 
appear as significant for nuclear science itself as that meeting 
at Baghdad. But in all humility let me say this; this first a 
national Symposium on Nuclear Science will inevitably ae . 
the pulse of the subject in Pakistan. The fact that ne ding 
fortunate as to welcome so many distinguished anne centre 
world physicists today betokens that work oon hope that 
at Dacca is of world quality; it is a portent ° mally 50 is0- 
the community in Dacca, and in Pakistan, vain stream of 
lated, will become integrated as part of t on and, 1 hope, 
the international centres of significance receiving 
giving as well.” 

Talking of the difficulties faced in © 
Sientific research in developing count 


ties, and 


the di , 
UCC, from ame se Portion. 


affecting general 


rrying out advanced 
ries Salam said 1 


82 


1968: “Unfortunately, research is costly. As w, h 

Most countries do not yet feel it carries a hi ne seee. 
among competitive claims for their resources, Note Priority 
genous applied research can command priority oven nn indi. 
forward projects for development. The feeling amon. Straight. 
trators, perhaps rightly, is that it is, by and large che aciminis. 
perhaps more reliable to buy applied science from the 5 and 
market. The final picture, so far as advanced research ond 
cerned,"remains almost as bleak as at Kandhar (in A.D 1470," 
To me, the first and foremost determining factor for all - 
vanced research is the supply of towering individuals tribe 
leaders, around whom great institutes are built. These an 
perhaps five percent of all the men who are trained for i 
search. ...To me it is astonishing, miraculous, that consider 
all the hazards that beset a poor society, 
saved for science.” 


ing 
any talent at all jg 


Yahya’s Period 1968-71 


Salam has always felt that: “‘We should go to the limit of what 
we can do. We should not speculate and worry about not 
being able to do things. Somehow or other the idea of despair 
just does not enter my mind’’. Probably this is the attitude of 
all great men as all men who achieve eminence and those who 
are naturally capable, are, to a large extent, identical—possess- 
ing the qualities of intellectual capacity, zeal and industry. 
So despite the fact that Salam was hardly consulted for advice 
by Yahya Khan’s Government during 1968-71, he did not lose 
hope but wrote a comprehensive paper, “Toward a Scientific 
Research and Development Policy for Pakistan” in which he 
emphasized : “Our major resources are three: (1) natural gas, 
(2) rich alluvial soil, provided it can be irrigated in West 
Pakistan and protected from floods in East; (3) abundant 
man-power provided it is skilled. These skills include agt! 

. . . . There are 
cultural, science, engineering and mathematics... -_ ence 
three things wrong with Pakistan’s research effort in sc 
and technology: 


; ‘on to the © 
(i) Small absolute size of science in relation ultural 


*5c 
nomy’s technological needs and to the country $ 
sophistication. 


(ii) Neglected development of ¢h . 


€ rese 
important spheres; and atch effort in Certain 
(iii) Lack of contact with international science 


These shortcomings basically stem frame ab 
Pakistan has never had a coherent Science poli € same 
expenditure on research and development cy... 
eighth of one percent of Pakistan’s national ne 
advanced countries of the world the correspondin ni In Most 
ranges between 2-3 percent of G.N.P. nae ig xpenditure 
developing countries like India, Korea, Formosa Rae for 
“At present Pakistan imports technical know-how, te bids 
processes, plant and in some cases basic raw-material chnical 
following fields: S in the 


Cause; 
-- The total 
represented one. 


(1) Most manufacturing and fuel refining industries; 


(2) Tele-communication, transport and power (including 
atomic power); 


(3) Medicine, pharmaceuticals and fertilizer manufacture. 


By and large it would be unrealistic to hope that Pakistan 
Science could soon compete with the enormous research and 
development effort which has gone into the developing of pro- 
cesses and know-how which the country imports. A wise 
science policy in these areas would attempt to channel the local 
effort and this effort would have to be massive to yield economic 
returns—towards a well coordinated adaptive, substitutive 
and complementary role. It is important to realise that itis this 
crucial type of supporting effort which, for countries i 
Japan (till recently importing most of their know-how). ee 
ed as much as about 1.5 percent of the G.N.P. compared to 0 


training. To take just one instance O' ' ™, oe hundred 
versity of Pakistan—the Punjab University“ i 
years of existence has produced not a single © * 
Matics. In Pakistan the words en, researc 
come current in speaking of university 
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Unfortunately, the usage somehow gives the impressio 
graduate research schools of moderate quality already exist 
and that some of these, when provided with further resources 
could attain world class. This is just not so. In most unj. 
versities, in most subjects, no post-graduate schools of any 
quality exist at all. I am pleading here for the academic and 
financial provision of normal post-graduate research facilities 
—not in every department in every university, but in most. 

This will necessitate doubling or trebling present staff and 
providing funds to them for purchasing some decent teaching 
and research equipment. The hope could be that some of the 
funds for such postgraduate schools will be provided by the 
University Grants Commission and more importantly from 
the analogue of a National Science Foundation which we must 
create. These schools will give Ph.D. training, obviating for 
the most part the need for foreign post-graduate training.” 

Salam continued: “‘If there is one reform which I consider 
absolutely basic to the entire future of scientific research in 
Pakistan it is the massive provision for research—and its 
separate funding—in the universities. Without this reform, 
Pakistan science can have no strength, no backbone, no rcal 
future.” 

‘Research does not thrive in an atmosphere where the com- 
mand structure, career opportunities and procedures for 
acquiring needed equipment and facilities are those of a Govt. 
executive department... .It is imperative that the universities 
place emphasis on developing graduate schools for research 
training within Pakistan. To help in this and to sponsor the 
universities’ research effort in basic sciences it is essential that 
an analogue of the National Science Council in the United 
States or the Science Research Council in the United Kingdom 
be created to make post graduate research training awards, to 
give research fellowships and to make grants for purchase of 
equipment.” ; 

On isolation he said: “There is a need for a comprehens\v’ 
policy and for funds to end isolation of Pakistan Science and 
Scientists from world science. There is need for liberalization 
of leave measures, need for funding of frequent visits pice 
for liberality and simplicity in import of literature and sale 
ment. Pakistan must be one of the few countries in the vy 
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where the attendance of a scientific, confe 85 

routinely permission from one Provinei FENCE abrog dis 

Ministries. al and three ait : 
ral 


He ended his paper by emp 
international character of science edna NE aspect of the 
international, whether they refer to ex : Ph n 
or to the service conditions under whic iets iture per Scientist 
This must always be remembered if we = S wo 
normed returns on the monies spent on os 
Salam considers his one contribution ee 
regime to be the inspiration he gave to ih ahya Khan’s 
Finance Secretary during that Period, to mate 
Rupees one crore (later reduced to fifty lak 
the Pakistan Science Foundation. The idea 
during 1969-1970 when Mr. M."M. Ahmad 
Salam at his home in Putney, London. 


hasizing: «¢ 


© @ provision of 
hs) for founding 
was worked out 
Was staying with 


Bhutto’s Period 1971-74 


In December 1971 Mr. Z.A. Bhutto took over as President 
of Pakistan. In the scientific gathering held at Multan in early 
1972, Mr. Z.A. Bhutto as President and Chief Martial Law 
Administrator, decided that Salam, who commanded inter- 
national recognition and admiration for his scientific achieve- 
ments would continue to serve his government as Chief Scienti- 
fic Adviser to the President. Salam agreed because he felt the 
country may be turning over a new page with a new regime, at 
least so far as science and technology were concerned, ane 
there was euphoria in the air. Once again he was to be dis- 
illusioned. : 

Since 1960 Salam had been one of the moss mesons 
exponents of the usefulness of science in Me bad be- 
productiveness and her standard of living. By 197 
gun to feel very despondent. But it set ¢ false is 
of the developing countries create esa ture hope, talks © 
attractive promises of development ror confused analogies: 
experts for economic prosperity; refer istrative and scientific 
and merely amuse themselves with admin i 


. without any 

° : 4 on pa 5 

reforms and reorganization of society se these acts 4 
Programme for its implementation. 


that governments 
piration, 
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substitutes for painfully persistent and unremitt; 
quired for progress through the development of. efforts re. 
heey in their societies, All too often there ate slog’ 
travazant a en then corruption, then inefficiency, then a 
disilhnion ne MISES: then delay, then disappointment, then 

s10N, resentment and contempt for human nat n 
then disregard for public responsibility and finally any co ate, 
nient action to get even with the leader; and then new slo ne: 
The low cultural and political level of the great Majority recut 
in short-sighted pursuits of their selfish interests without « . 
realistic awareness of the common interests at the natione| 
level. The need is for an inspired leadership—capable st 
creation and collaboration for developing science and techno- 
logy of the twentieth century. The Islamic system has not 
operated for the past centuries as it lacked the sufficient number 
of men who had a deep, clear grasp of its practical problems 
thrown out by the industrial society. Its men also lacked the 
political skill, zeal and faith to exercise it amidst the rival 
philosophies of capitalism and communism. The problems of 
creating a great Muslim society are immensely greater than 
many Of us have been taught and induced to believe. We would 
have been better equipped to deal with them if we had identified 
and understood their correct nature and the magnitude of the 
difficulties involved. 

So far as Salam is concerned, as his interest had already 
spread far beyond the tasks which were his main concern, he 
identified the two schools of thought regarding the charting 
out of a comprehensive programme for the Islamisation of 
society. There were people who believed that personal purifi- 
cation, on an individual basis, through Zakat, fasting and 
prayers in particular, would automatically Tevive the nn 
glories and achievements of Islam for mankind in the twentl 
century. As these had failed to be revived, the second sc ie 
believed that the revival of Muslim nations 1s crucially is 
pendent on the development of modern scientific carat 
an integral part of the process of Islamisation an fen 
cating poverty and ignorance from the Muslim sre the Islamic 

This led Salam to propose the establishment oF ! t Islamic 
Science Foundation on the occasion of the Firs ose 

his note Salam proP 
Conference held at Lahore in 1974. In his 


the creation of a Founda 87 


tion, b 
objective of promotion of SCien, ith 

Ce the 
vanced level. “The Foundati and technolo at 


: tion (wo ; ‘ an ad- 
the Islamic Conference) wo ( king in Conjuncti 


$60—$70 million. The Foun 
scientific, and run by emine 
from the Muslim world. . . .T 
fund to be contributed by 
fixed fraction of the &xport earnings of the co 
schedule of export earnings is appe 
earnings are expected to increase. However, even at the 1972 
level of 25 billion dollars per year, a contribution of less than 
one percent per country per year would suffice to build up the 


initial endowment capital of one billion dollars over four 
years.”” 


the endowment 
Uuntry will be 4 


untry. The 1972 
nded. In future years these 


each Sponsoring co 


This proposal of Salam continues to be under the ‘active 
consideration’ of the governments of the Muslim countries. 
It appears that at the Taif Conference, 1981, a sum of 50 
million dollars has been voted by the Muslim countries fo 
realise the Foundation—fifty million is a far cry fro 

hich would have made it just the 
1 billion Salam suggested which w 
undation. a 
ae eke toth Septe 1974, Salam offered his resignation 

On the 10th Septempe iser, wi h the deepest sorrow and 
from Honorary Science Adviser, wit A. Bhutto, stating 
regret, to former Prime Minister, Mr. 4%”. 
as the principal reason: 

“s aware that I am t decision of the 
C munity in Islam. I believe that me nent is contradic- 
National Assembly in respet! oT Telamn does not give aN 

0 
he spirit of Islam because ‘ght to pronounce 
tory to tae munity the "Ig tter between 
segment of the Islamic or t. faith being @ ™* 
the faith of any other segment, 


man and his Creator”. resignation 

Further elaborating 0” ms ony 
cannot accept such a deri No is! 
only honourable thing le ° such an amaz 
Government which has ™4 


a member of the Ahmadiyya 
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= Bhutto accepted Salam’s resi 
oO keep giving advice on scientific matter i 

To this Salam agreed. One of his initiatives eerie basis 
1976 of an (annual) International Semina i 
Pakistan’s northern hills, co-sponsored by 
Energy Commission, the Trieste Centre and 
the Swedish Development Authority SIDA. 
In 1977, on his way to India to attend the hundr 
international celebration of the great Indian physic 
Bose whom Salam had known and greatly respected, Sala 
Stopped at Karachi Airport and rang me up to see him. | 
surprised to see that he had grown a beard and asked him the 
reason for this change. He replied: “You people have declared 
me outside the pale but you can’t stop me from practising the 
Sunna and following the Holy Prophet.” 

When I asked how he felt on this decision of the Bhutto 
Government, Salam said: “Our Ulemas have throughout the 
ages made it a profession to call those Muslims who disagreed 
with them ‘Kafirs’. The Bhutto Government by enacting 
this into the constitution did a signal wrong to my birth right 
but even a bigger wrong to the nation by attempting to de- 
prive the Muslim Ummah of a spokesman for science and 
technology. So far as the Mullahs are concerned I am in excel- 
lent company of Bu Ali Sina who was also declared a *Kafir’ 
and who wrote: 


gnation, but asked}; 
m 


ting in 
eae Nathiagalj in 
Pakistan’s Atomic 
in the first Year by 


ed year 
Ist S.N. 
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og Ohi! ge Ob oI? & 


3s wil 9 Ss: Cytem ob ge 


253 OleLwe PS yee Awd )? at 


ea : ' 
If you accuse me of being a Kafir this is not a simple matter 
There is no faith stronger than my faith (in Islam) 


. . on ou 
I am unique in the world, and even this unique pers y 


call a Kafir 


is uni Kafir, 
If you call this unique person a : 
aie there is no Muslim left in the whole world 


CHAPTER yj 


Salam — The Scient 
lentist - 
Developing Worl: Ist ~ Sage of the 


According to Dr. 
President Roosevelt june Bush, Scientife Adviser to 
science, in wester g the second world war, men of 
the ‘ n culture, have become the successo 
Sages of the past for answers to all tions 
which may nave nothi a questions — questions 
fin othing to do with their own special discip- 
ines — simply because scientists are id ; 
tical and objective, cultured in th cient a i wich 
eed nd oeiieal ; in the scientific spirit which is 
hat ny is ine role of the scientist-sage, the role Dr. Bush 
ed about, which Salam has played and is playing ‘0 
awaken the intellect in the developing world. It is tre that 
there are advantages and disadvantages in possessing an 
emotional national allegiance to a country other than the 
one where one builds one’s career, 
equally built in two countries — one developing and the 
a developed one. This produced in saa 
rounded world culture, not mere 
ns brain over-developed. kable man 0% only _ 
e has turned out to be a remar d exhibit as a 
something he can take out of his poo peing | 
reward for his scientific knowledge, ut 
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something recognizable for 

aman of deep intelle ‘ 
whose trained judgement helps him to choose pee oreedin ‘ 
feject the wrong. © EAE ang 


So as a scientist-sage of the develop; 
not replaced God with science ut ae ae ois te 
science with the cultural and religious values of the d iiss 
countries emphasisi ‘s . ; Evelopin 
phasising that ‘there is nothing more destruct; g 
of morale than economic inequality.” senctive 

Before Salam, it was J.D. Bernal, a physicist call 

affectionately by his friends ‘Sage’ because of his ireddea ed 
intellect, who wrote in his “History of Science” thar ik ee 
Ibn Khaldun who prefaced his treatise on history with : 
theory of economically determined social development, thus 
foreshadowing Vico and Marx. , 

Bernal wrote that religion, literature, and the arts are 
human activities concerned with the communication of ideas. 
images and feelings, which taken together contribute to the 
culture of society and assure its vitality and development, 

Salam, concentrating on the development of productive 
forces to ensure society’s vitality and development, drew 
its essence by writing that “‘the difference between two cultures 
(of the developed and the under-developed worlds) spring 
from a common cause — excess of science in one case and the 
lack of science in the other”. 

During his long period of exile in Europe, Salam has 
directed a part of his activities and thought to the evolution 
of developing societies and has written constantly about the 
laws of industrial development to reduce economic inequalities 
between the developing, the Muslim in particular, and the 
western societies. He feels that the religious leaders, the sages 
of the past, in the Muslim countries are too content with 


explaining the Islamic religion without any re 
and its application. . | 
As a scientist-sage, Salam took it to be his eee Ff 
1957 to create research teams and research ocean oe 
fields of national endeavour. And to fulfil Lae ese 
Pakistan’s universities, he emphasized the training 


; 7 ns, hysi- 
in the great institutions of the world, mathematicia p 
cists and agriculturists. 


ference to science 


1 i ntre 
He conceived an international ce 


se speci men from all 
Even ed Minds of Uld Work atone 
Hammerskjold, the eats tried to leant ies Ngside 
recognized in 1962 that es General of the Vig 
ations 


aes Sa It Was j 
indigenous scientific commun} aS Important to . 
Unity in developi “stablish an 

NE Countri 

€s for 


research and development.” He «ai 
achieve an awareness of ‘he He said that it was 
science and technology, an Significant development at = 
country to select ne ness Which oa 
to selec and ensure the effect; N would enab| 
say Which ts conse eae Ctive assimilation of te . a 
Salavachad already dened + saunas required. Birth 
ajo 
Rostow-to emphasise “the ticed Fag ce when he quoted 
power of a group, prepared to regard ee to political 
the economy as a serious high-order polit ye y 
As a representative sage of the deseibois as mt 
spoke, in 1975, on ‘Ideals and Realities’ in iia ae 
the series on ‘Human Global and Universal psbiene . 
students of the University of Stockholm, Sweden — a most 
civilized country as regards global issues. In this lecture he 
talked mainly of the exploitation of the developing countries 
by the advanced nations. Piling facts upon facts, he then 
quoted Omar Khayyam: 


“Ah love! Could thou and I with fate conspire. 
To grasp the sorry scheme of things entire, 
Would not we shatter it to bits — and then 
Remould it nearer to the heart’s desire”. 
Salam declared: “The short-term crisis the we pair, 


simply this. The developing uae : 
humanity — is bankrupt. We — the poor 
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: illion : 
one tenth of makind ae il ba aa pillion tons 
collectively need ten billion dolt4 a countrys 

ae ourselves. M wtillion it 


of cereals every yeat to fee . (cig 
Pakistan, owes some six billion ne for one year, 
1980) i roughly equal to Pak . 5 export earnings 
roughly equal to Pakistan's six ¥° earned 2” Loa 
aes q ’ ‘ one bi jon t one pillion: 
1970, the world’s richest oores 


. the Wor 
$3,000 per person per year: the 
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no more than a $100 
: each. 
there is absolutel i che And the awful part of it | 
° ; y nothing in sight — no OF As tha: 
D P this disparity. Whats, 
evelopment on th iti 
e ; € traditional pattern 
conomics — is expected to increase the 7 te Marie: 
per capita of the poor to all of one hund 4. hundred datia- 
by 1980, while the $3,000 ree and three doijs- 
$4,000 —- and that eee ee OF ate Fich will grax ; 
24,0N0 — an that is an increase of $3 agains apo 
an entire decade. This is a system whi nin ae 31.000 2 
years created liquidity and credits of 120 bil Ast neat; 
allocating just five percent of these to th Mion doltass 
© System which pays 200 billion dollars for w. s TES 
modities, but only one sixth of thi 5 world 
d ; of this reaches the primar, 
producer himself — the rest, five-sixths. goi _Primar; 

d the mi Me rest, sixths, going to the distribat,- 
and the middleman in rich countries — this is the syste aa 
gave seven billion dollars of aid last year and took 

e on aw. a 
almost exactly the same from the poor in depressed commodin, 
prices.... An when we did build up manufacturing industries 
with expensively imported machinery — for example cotton 
cloth — stiff tariff barriers were raised against these imports 
from United States. With our cheaper labour, we were 
accused of unfair practices! 

To give you an idea of these tariffs — suppose Pakistan 
exported cotton seeds, these would attract only $100 a ton 
as tariff. But woe-betide if the seed was crushed into oil. The 
oil fell into the category of manufactures, and the tariff shot 
up to $600 to be paid by Pakistan for discouraging it to export 
this simple ‘manufacture’! 

We were to be markets for steel, for machinery, for fertilizer, 
for armaments, we must not export anything remotely resemb!- 
ing manufacture. 

Our indigenous science and technology — or indeed of any 
technological manpower development — there was neither 
need, nor appreciation, nor any role for it. Any technoloe) 
we needed, we bought. It came hedged with all Ente 
restrictions... Inthe early 1950’s, I looked upon a an 4 
as contributing to Pakistan’s advance to techno 08 a 
development as non-existent. I could help my eS roduc? 
only one way — as a good teacher — a ae would ia tbe 
more physicists, who for lack of any industry, W 


com- 


turn become teachers the 
Ms 

knew that all alone, I had at, Or leave the 
policies, so far as Valuing s¢j OPE of changi on 
concerned.” “ie 
. Salen see as a scienti y 
or Peace Conference’ cony at the first « 
Seitzerland in 1955. He got aed by the UNO | "oan 
again in 1962 when Dag H 
ference on Science and T 
the Conference Salam co 
Realities’: ‘‘There appea 


hce a 


fic secretar 


ferring to 
‘Ideals and 
Part of the 


world except through the existing system of licensing wore 


; i “operat; 
in the manner I have described earlier in the content ot 
xt oO 


the creation 


Technology. 
We met for eleven years — twice a year; after eleven vean 


labour, we have recommended yet another UN Conference 
on Science and Technology — to be held in 1978, this to meet 
and create the same science and technology development 
agency we proposed fifteen years ago. This time we are likely 
to get this because Dr. Kissinger gave the proposed Conference 
his blessing three weeks ago”. 

....In 1973 the world military expenditure came to 245 
billion dollars. This sum is 163 times greater than that spent 
on international cooperation for peace and development 
through the United Nations system. . 

During the two decades, 1960s and 1970s, the total iL rood! 
expenditure was $4,000 billion, which is greater than a oat 
and services produced by all mankind 1n ont ee urposes in 
fifty million people are employed for military Fe million 
armed forces and defence activities. rn ‘world’s scientific 
scientists and engineers, almos y research 
and technological manpower; is devo monty 
and development, costing Oe ecent forty 
billion dollars. These sums ep development ex 
public and private research an 
manki riates.”” nt on a PS 

“What the developing countries ra ee ty and. self-resPeCt 


: ; se 0 
cal plane is to regain their sen 
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which they enjoyed for lon 
only during the brief period of western domination: a y lost 
tion based essentially on an industrial and eins 
revolution which is hardly two centuries old.” Bical 

Talking on another occasion about ‘Organized 
and Common Sense’ Salam observed: “We do Pp 
information necessary to solve the problems of h 
Most diseases. We simply do not take the righ 
economic and social decisions to put the requis 
into effect and give the requisite technologies the 
should have. 

There is one field, however, where I should certainly wish 
to stop all research: armaments research. But Iam Pessimistic 
about the possibilities of zero-growth in this sector. There 
was once a proposal made in Cambridge, suggesting that 
the great physicists ot the world (Oppenheimer, Dirac, Fermi) 
should forswear all research on programmes leading to the 
destruction of mankind. Dirac, who was present at the 
meeting, responded sagely: “You may persuade the first-rate 
scientists to do this, but never the second-raters — and 
that is enough to create all the new armaments”. 

Asked to answer a question: “Do public administrators 
have an adequate perception of the total force of science and 
technology in the life and culture of a nation’, Salam 
ponded: “The political administrator has no ae + 
this, by and large. Of the ninety-two countries we i a 
here in Trieste perhaps half a dozen are blessed with a — 
ship possessing such perception. Political ee re 
that science and technology can ‘work miracles’, jcieswiid 
think of scientists and engineers as sequested specia - nes 
can render particular services when called ae which he 
like the specialist chef who works in a house . jeveloping 
does not manage. Too often (especially tee the classics, 
world) the politicians have been grounde sae istration) 

in business and admin 
history, law (but very seldom in b ns as socla 
ientifically trained persons ® 
so they tend to look at scie uy at or administrat0 
know-nothing. It is this class of civil ey ae technical 
or politician who goes out in search of hin 


i eign power 
project, the source of which Is often a major fore ogethet 
or the United Nations 


& centuries and Which the 


Research 
OSSeSs the 
Unger and 
t politica, 
Ite Policies 
sCOpe they 


Development Programme. 


with the money he seeks 
specialized manpower need 
preference to turning to hi 
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er, S OWN Wwe Cal scheme ; 
scientific Manpower. The vicion akly Organised, immatan 
indigenous technologis S Circle Te 


t tem, Continues. 

uh ans immature because he 
ny "esponsibility, administrat; 

a very subordinate lam 


Capacity,” 
cally-trained Specialists must 


never called upon to sh 
or technical, except in 
solution is that scientif, 


more and more with economic plann ist Collaborate 
: . ers — if ec. . 

can give up their omnivorous arr . Onomists 

. Ogancs. Scientists and t h- 
nologists have to be provided opportunit; ec 
- Pportunities to develop both 

broad vision and a strong social conscience but it ; a 

technologically illiterate civil servants in the developing w ate 
le . r 

who encourage the abuses like importing of foreign technical 

skills in preference to building up a local talent. 

In his address to UNESCO Celebration of the Centenary 
of Einstein’s Birth on 9 May 1979, in Paris, Salam made a 
strong case to support the survival of the scientists from the 
developing world by highlighting the impediments Einstein 
faced for his commitment to science. Salam wrote: 
“There has been no one like Einstein in this Century, 
perhaps never in the whole history of human thought, so far 
as physical sciences are concerned. Certainly there never 
has been anyone so singly responsible for so much aie 
tionary thinking in Physics. But how easily. ma top ae 
have been lost, particularly if he had been born ina , 

he was summoned by one o 
country. At the age of fifteen he was. Munich: the teacher 
his teachers at the Luitpold ya he schoo! In Einstein's 
expressed the wish that Einstein an ne nothing amiss”, he 
words: “To my remark that I ha ils the respect of the 
replied only, “Your mere presence P Fjnsteins’s independ- 
class for me”. This was a reference to if Einstein wished to 
ence. At the age of sixteen and a the Entrance Examina- 
enter the Zurich Polytechnic. He took ics, he ile’ 
tion for Engineering and, fo Biven mn 
A year later, he suceeded, vineer. Finstein pra versitY 
thought of becoming an he ear . he sought Y 

. ‘c in the 
the Zurich Polytechnic in ; as not in the ood 
positions, but failed “for rained hi 
former teachers.” He man 
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jobs, performing calculations, 
an hour, and school teaching. 


oe November 1901 be submitted a research pa 
esis for a doctoral degree — a necessary eae i 
university teaching. Although this ile 


paper—his second —_ y. 
aver pted by the prestigous journal, Annalen der Physik io 
University of Zurich rejected it as inadequate for a Ph 5 


According to Banesh Hoffmann, Einstein felt himself <i ki 

hopelessly in the quagmire of a world that had no she = 
him. A poignant episode during 1901 will illustrate ae 
mean. In 1901 Einstein’s first research paper had been published 
in Annalen der Physik. Einstein sent a copy of this to 
Prof. Wilhelm Ostwald—later a Nobel Laureate — with 
the letter: “Since I was inspired by your book on general 
chemistry....1 am taking the liberty of sending you a copy of 
my paper. I venture also to ask you whether perhaps you 
might have use for a mathematical physicist... am taking 


the liberty of making such a request only because I am without 
means...” 


private tutoring at 3 fran, 
cs 


In spite of a second reminder there was no response from 
Ostwald, nor from Prof. Kamerlingh-Onnes in Laiden to 
whom Einstein sent a similar letter. 


At this stage, in Banesh Hoffmann’s words, a beautiful 
event occurred in Einstein’s life of which he knew nothing. 
His father, an unsuccessful merchant, in ill health, and 3 
stranger to the academic community, took it upon himself to 
write to Prof. Ostwald. Here is his letter: “I beg to you to 
excuse a father who dares to approach you, dear Prof. in the 
interest of his son....My son Albert Einstein is 22 years old : 
Everybody who is able to judge praises his talent....My son's 

his present joblessness, and every 
profoundly unhappy about his pres a 
day the idea becomes more firmly implante i ares 
he is a failure in his career and will not be able 


an 
way back again....Because, dear Prof. my son aie plea 
reveres you .... I permit myself to apply to you is will write 
that you read his article. .and pls! ie te regain his 
: tha : 3 
him a few lines of ease oeige a no idea of this extfa 


joy in life and his work....My son 
ordinary step of mine.’ 
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CHINA WITH PREMIER CHOU EN LAI 


PROFESSOR ABDUS SALAM IN PEOPLES REPUBLIC OF 


PROFESSOR ABDUS SALAM ALONG WITH PROFESSOR 
P.T. MATTHEWS ATTENDING AN INTERNATIONAL 
CONFERENCE IN HIGH ENERGY PHYSICS. 


INSTITUT INTERNATIONAL DE PHYSIQUE SOLVAY 


CINQUIEME CONSEIL DE PHYSIQUE — BRUXELLES, 1927 


A. PICCARD 
E. VERSCHAFFELT 
M. KNUDSEN 
M. BORN 


E. HENRIOT 


P. EHRENFEST 1 Ed. HERZEN 
W. PAULI 
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There was still no reply. 

1902 Einstein did find a ob at tally 4s is Well kn 

as Probationary Technical Expert thee Patent o : Own, in 
promotion to Engineer, second ‘cla Td Class and then wi 
adequate scientific libraries, far fro ~ It was here far ith 
atmosphere of a conventional unive the stimulating restarck 
snatching precious morsels of time sity c 
calculation, which he guiltily hid in rh 
approached, Einstein produced his reve 
quantum theory of light and the unificatic 
during 1905. And during all this time. 
precious Ph.D. * 

“J shall not become a Ph.D... 
bore to me”. Thus wrote Einstein fore sronn ge, Pecome a 
this degree made in 1905 had also failed rane attempt at 
did eventually succeed, but by then he did not ne ‘iene 
any more for he had already become famous. mete Ph.D, 

I have told this story in detail; for the simple reason that 
every one of the discouragements he suffered from are a norm 
for a scientist in a developing country. And even ina developed 
country today, would an Einstein, with his commitment to 
science for its own sake, fare any better”? 

Addressing the Board of Governors of the IAEA in 1980 
on the celebration of the award of the Nobel Prize in 
Physics given to him in 1979, Salam chose to speak on 
“Internationalization of Science in Developing Countries”. 

Salam said: “In sciences, as in other spheres, this world of 
ours is divided between the Rich and the Poor. The richer half— 
the industrial North and the centrally managed part of hu 
manity—with an income of five trillion dollars, spends two 
Percent of this—some hundred billion dollar ining half of 


s—on non-military 
i mal 
Science velopment research. The remat™ 
and develop one fifth of the income (one 


mankind—the poorer south, with me n science 
trillion dojlars)—spends no more than two yee 

and technology. On the percentage nor ore —50 
tries, they should be spending ten ms 


billions. . Cc 
At the United Nations-run Vienna 

and Technology six weeks ago the po pillions 

international funds to increase the me 


ence 0 
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They obtained promises, not of t 
but only one seventh of this.” 

Maintaining his sense of dignity and 
declared that the history of science, lik 
Civilizations, has gone through cycles, 
science and civilization other cultures, ot ‘i 
their humble roles. Referring to George Sarton’s five-volume 
History of Science, he explains quantitatively that the story 
of achievement in sciences had been divided into ages, cach age 
lasting half a century. With each age Sarton had Associated one 
central figure. 

“Thus 450 BC—400 BC Sarton calls the Age of Plato; thi, 
is followed by half centuries of Aristotle, of Euclid of 
Archimedes and so on. From 600 AD to 650 AD is the Chinese 
half century of Hsiun Tsang, from 650 to 700 AD that of 
I-Ching, and then from 750 AD to 1100 AD—359 years 
continuously—it is the unbroken succession of the Ages of 
Jahir, Khawarizmi, Omar Khayam—the Arabs, Turks, 
Afghans and Persians—men belonging to the culture of Islam. 
After 1100 appear the first western names, Gerard of Cremona, 
Roger Bacon, Jacob Anatoli—but the honours are still shared 
with the names of the Spanish Ibn-Rushd (Averroes), with 
Tusi and Ibn-Nafis—the men who anticipated Harvey’s theory 
of circulation of blood. ..After 1350 however, the developing 
world loses out except for the occasional flash of scientific 

illi i f Ulugh Beg—the grandson 
brilliance, like that at the Court o g ea 
of Timurlane, in Samarkand around 1400 AD; oo een 
Jai Singh of Jaipur in 1720—who corrected the serious 

i f the sun and the moon 
of the then western tables of eclipses o dares pian 
ix mi i Jai Singh’s tecnn 
by as much as six minutes of arc. As It was, oe 
ith the development © 
ques were surpassed soon after wit 
telescope in Europe.” 4 (physics 

Sains with this reference point in mney a 1930, 
the eastern names are V.C. ney see 
Hideki Yukawa—Nobel Prize 1949, samuel Tite 
Prize 1957, Leo Esaki—Nobel eg ne prize 1979. 
Nobel Prize 1976 and Abdus oe has the nation? 
(Parenthetically one may note that on oe Winners who af 
lity of a developing country of the FP 
ws : d Yang and Ting are 
living. Others like Lee an 
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According to A. H. Com to i o 
during Harun-ul-Rashid’s ane (GO in Physics 1927 
chemistry, optics and medicine develo {tonom lon 
Muslim lands. Its foundation was laid b He and flourisheg in 
lations from Greek literature. At that ‘i taislis on trans. 
ledged that Muslims held the learning ee West acknow. 
and craved for their intellectual treasur aie of the periog 
fearing the Muslim religion, °S While hating ang 

Compton observed that then the 


science because one of the primary 
macy of God—and this had ultimately led to the belief tha 
“Whatever may happen, in the end everything has to com t 
according to the will of God.” So the religious leaders see 
fearing the study of Science because for them it meant en- 
couraging disbelief—just as the Marxists feared the study of 
Quantum Mechanics for a very short period, as it violated 
their materialist view of mechanical determinism and 
Newtonian law of causality. 

As against this Salam, so far as Muslims are concerned, had 
argued that in contrast to 250 verses of the Holy Book which 
are legislative, 750 verses—almost one eighth of the Holy 
Book—urge the believers to study Nature—reflect—al-taffa- 
kur—and make the scientific enterprise an integral part of the 
Community’s life. Likewise the Holy Book mentions 4/- 
taskhir—subjection of nature, again and again as one of the 
attributes of Allah, which the believer is urged to aoe 
through technology. At the same time by sea ae 
‘cycles-of-history’ to the achievements in science, $ 


Vv world that 
i held view of the westert orld that 
discarded the broadly he ae : 


Muslims 80t Worried about 
tenets of Islam is the supre- 


science could not progress in Muslim + belief in God & ad 
issued a decree that ‘Science leads to loss 0 
in the origin of the Universe . ontinued: “Now, in this con- 


In his address to IAEA Salam con vie: are the developing 
text the question we must ponder 1S ™ wance in sciences—as 
countries today on the road to 4 See Ge of Michael the 
the west was in the 13th cel) © oe 2 
poet Deora) eae nies this renaissance> ; tional 
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Second, the ‘interest in our 


; Own d : : 
the topmost priority to firs eveloping SOCcieties 


tly, th Neon to 9; 
and secondly. it: di; nds te acquisition Rive 
This is is oe throughout ihe T Knowledge 

. S done, for examp| ommuni 
tu a ple, by th ity. 

ae after the Meiji Revolution, ¥ the Japanese Consti. 
_ egarding the first point regretfull 
international scienti 2 

al scientific concourses are 
greater and greater restrictions in th 
the UK : e tra 
and USA’s acceptance of overs 
those from developing countries. Wh 
Cambridge, the fees amounted to no more h 
year; next year they will b cee Uns 10g 
Se ag y will be three thousand and five hundred 
7 ae » an increase by a factor of fifty. As I will discuss later 

s becoming increasingly clear that the developing world wil 

need internationally run—United Nations agency an is 

ge oN foes ; ; post. 

es universities of science—not just for research, but also 

ie : see rl ates of modern technology and sciences, 
applied. 

The second prerequisite for development of science and 
technology Is a passionate, consuming desire on the part of 
the developing countries and the removal of all internal barriers 
in its acquiring dissemination of sciences and technology 
throughout their societies and finally, the application of these 
towards development. Unfortunately, and I say this with angu- 
ish, the prognosis in this respect is not very bright. 

progn Pp ae 

Salam continued: “I would like to conclude with three 
appeals. 

My first appeal is to the developing countries. In the end, 
science and technology among them is their own respon 
Speaking as one of them, let me say this: Your men = oe 
are a precious asset. Prize them, give them rele a : 
ponsibilities for scientific and technological deve uae that 
their own countries. At present even the Sas ua to 
exist, are underutilized. However, the re billions inter 
increase their numbers tenfold, to enaeee billions. Scienc® 8 
nally spent on science and technology to eiiat technology 
not cheap; and in addition, we must not a von, fou 
in the conditions of today, cannot, In This was dramati¢ 
without science flourishing at the same time. 
ally emphasised recent 


the Opportunities for 
fast Shrinking, With 
ditional Countries |i 
€as scholars, including 
en I was a Student 


neg from 
ly to me by a Turkish physicist fro 
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the University of Samsun who recalled that 
did introduce studies of algebra, trignom 
pallistics and metallurgy in Turkey already as 
creating special schools for these disciplines with French 
swedish teachers. His purpose was to Modernize the and 
and rival European advances in gun-foundaries. Since hee 
was no corresponding emphasis on research in these subjects 
and since the scholarly establishment in the medresas who 
called themselves scientists, alims, had nothing but contempt 
for these new technological schools—‘funun”—Turkey did 
not succeed. In the long run, in the conditions of today, tech- 
nology unsupported by science, simply cannot flourish, 

My second appeal is to the international community—both 
of Governments and of my fellow scientists, as well as the 
United Nations agencies. 

A world so divided between the haves and have nots of science 
and technology cannot endure; at present an International 
Centre for Theoretical Physics (with a budge of 1.8 millions) 
is all that is internationally available for physics for 90 de- 
veloping countries. Compare this with European joint projects 
involving physics alone, of 1/2 billion dollars annually. Com- 
pare this with the cost of one nuclear submarine; 1.7 billion 
dollars. One thousand centres like Trieste could flourish for 
one year, for one of these and at present there are two hundred 
and fifty nuclear submarines in the world’s oceans. Somehow, 
Somewhere a break must come. eal 

And finally, and in all humility, I wish fo make ies, The 
to the Governors here today from the OPEC cou Address- 
President of Venezuela was in Vienna on 14 Fey 70 
ing an OPEC staff meeting, he spoke of the to address mys 
international centre for sciences. I woul’ like 
in this context, particularly to my 
Islamic countries To some of you. Aa rs. n the inter- 
an income of the order of 100 pillion dollars. 
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Scientific Contributions of Muslims 
in History* 


Intellectual and scientific activity flurished among Muslims 
during the Abasaid period (750—1000)—the period Baghdad 
had grown from insignificance to a world centre of fabulous 
wealth and international diplomacy. To emphasise how 
comparatively well paid the scientific career was at that time, 
it is reported that Jibril ibn-Baktishu, the court physician 
of Harun al-Rashid and al-Ma’mun, made a fortune of nine 
crore dirhams. As private physician of the Caliph he received 
a salary of one hundred thousand dirhams for bleeding the 
Caliph twice a year and an equal amount for administering a 
six monthly purgative draught. During this period the industry 
also flourished as many looms of Iran and Iraq turned out 
carpets and textiles of a very high quality. A Caliph’s mothe 
purchased a carpet specially designed for Aer at a a ai 
thirteen crore of dirhams, the carpet containing figures is 
kinds of birds knitted in gold and their eyes made from _ de 
and other precious stones. This scale of luxurious ane has 
the period a legend in history and in fiction, bu in wor 
rendered this Muslim period especially Pact rogressive 
civilization is the fact that it developed the most P 


; the Holy 
intellectual awakening in the history of Muslims after a 


* ee ; e Arabs” 
* Mainly relied on Professor Haities book ‘History of th 
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in the whole story of world thought aa ns MOSt significant 
ing had its initial share in qa large meastee ture, TI is awaken. 
and their influences and was accelerated foreign contacts 
Arabic from Greek, Persian, Syrian and % translations into 
hardly with any science, Philosophy or Fa aes Starting 
the Muslims armoured with a keen sense of ae Of their own, 
sity and an appetite for learning soon erie. curio. 
beneficiary of the older and more cultured me the heir ang 
encountered and conquered, Peoples whom they 


After the establishment of Baghdad as the capital, th 
Muslim scholars, in only a few decades, assimilated all th e 
taken the Greeks, Persians and Indians to develop ‘i a had 
period. The Muslims were soon in possession of Se be 
philosophical works of Aristotle, Plato and his leading ee 
mentators, and of the most of the medical writings of Galen 
and other famous physicians of foreign civilizations. The 
culmination of Greek, Persian and Indian influences was 
reached during al-Ma’mun’s reign (813-832) as he had rational- 
istic tendencies based on the philosophy that religious texts 
must accommodate the judgements of reason. This principle 
led him to seek justification for his views in the philosophical 
works of the Greeks. He believed that there was no real differ- 
ence between reason and religious law and acted accordingly, 
in pursuance of his belief, to establish in 830 in Baghdad his 
famous ‘Bayt-ul-Hikmah’ (house of wisdom), a combination 


of a great library, an academy and a translation bureau which 
titution since the 


proved the most outstanding educational ins 
i ia i If of the 
i n Alexandria in the first ha 
a ee f translation lasted 


third century B.C. The Abbasid era © ae 
about a century. In the case of many difficult passages 1 


n no 
original the translation was done word by an 
ee equvakae aS available the sare tenth century 
transliterated with some adoption. 5° by aly a language © 
Arabic, which in pre-Islamic period was © pon him) mainly 
poetry and after the Holy Prop 
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However al-Ma’mun, who 
interests had raised ‘ration: 
in 827, according to some historians, a 
the dogma of “the creation (Khalq) of 
tion to the orthodox belief that in its ac 
language, the Koran is the iden 
tial original. In 833 the Calip 
that no gddi who did not subscribe to the views of the Creation 
of the Koran could hold his office or be appointed to it. At the 
same time he initiated an inquisitorial court for the trial and 
conviction of those who differed with his belief. Thus by a 
fundamental contradiction he, the champion of rationalism 
and reason, turned intolerant and a Suppressor of free-thought, 
However the age of translation and acquisition of knowledge 
(750-850) was followed by a period of creative activity, In 
medicine, philosophy, mathematics, chemistry, astronomy 
and geography the Muslims’ independent work was significant 
as they carried on original thinking and scientific research, 
Abu-Bakr Muhammad ibn-Zakariya al Razi (865-925) was 

bably the most original of all the Muslim physicians. While 
ie A Mes al Razi wrote a comprehensive book in ten 
ill i - . 
volutes named “Kitab al-Tibb al seh : a een 
: ished in Italy in the 
transiation. ‘was ‘first publis is a treatise on 
i ished monograph is a 
tury. One of his establist first 
century d smallpox. In this monograph one finds the 
measles and smallp His most important work, 
clinical account ot snare hensive book) which 
however, was ‘al-Hawi’ (the verre Sonae the name 
first translated into Latin in 6 onwards—a 
Wane nted from 1486 o 
‘Continens’ it was repeatedly printe 1542, This book sums 
ae appearing in Venice in : “me including 
fifth edition app ‘ms possessed at that tim i 
up the knowledge the Muslims Pm societies. These medic 
the contributions of other aoe “ble influence, for ad 
works of al-Razi exerted a TE GOeE Al Razi is also accept 
over the min n in surgery. He was westet 
as the inventor a se al cure) corresponding t© 
term ‘tibb ruhani’ (spiritu sii 
‘psycho-therapy’. ny editions #2 
is principal editio 
One of his Leger - y ent wester 
’ k of sec 
srar’ (the boo : 
= finally reproduced into 
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gator Gerard of rare 1187 a 

e a major source of chemical knowledge ; 
Be oat illustrious person in Muslim medical histors fe 
al-Razi is that of Ibn-Sina. As a young man he succeeded : r 
cure the Sultan of Bukhara, Nuh ibn-Mansur (976-1097) a : 
was therefore provided the opportunity of utilizing the Sila’. 
great library containing all the scientific literature available 
upto that time. Among his chief scientific books are the ‘Kitab 
al-Shifa’ (book of healing), a philosophical encyclopaedia 
based upon the Aristotelian tradition as modified by Muslim 
thought and post-Platonic developments, and ‘al Qanun fi al- 
Tibb,’ which sums up the final codification of standard medical 
thought of the time. Al Qanun’s translation into Latin was 
done by Gerard of Cremona in the twelfth century. This book 
got immediately accepted as a classical work in medical lite- 
rature displacing the works of al Razi and Galen which was 
the Greek medical lore of that age. This book was also pres- 
cribed as the text for medical education in the schools of 
Europe and it served, from the twelfth to the seventeenth 
century, as the fundamental guide to medical science. It re- 
cognised the contagious nature, for the first time, of tubercu- 
losis and the spreading of certain diseases by soil and water. 
It distinguished mediastinitis from pleurisy and puts forth a 
scientific diagnosis of ankylostomiasis and attributed it to 
an intestinal worm. 

Ali ibn-Abbas al-Majusi put forth the concept of the capillary 
system and a proof that in the act of child-birth the baby does 
not come out by itself but is pushed out by the muscular con- 
tractions of the womb. Ibn-Rushd’s chief contribution to 
medicine was his great work entitled ‘al-Kulliyat fi al-Tibb 
(generalities on medicine), in which it was mentioned pe 
One was taken twice with smallpox and the function of te 
retina was clearly explained by him. 

Al Zahrawi living - the eleventh century was the great . 

: : ideas of cauteriza 
surgeon of the Muslims. He contributed new ! d the 
tion of wounds crushing a stone inside a bladder an 

, rie ‘. works were trans 
Necessity of vivisection and disection. alte and its various 
lated into Latin also by Gerard of pene in 1541 and at 
editions came out at Venice in 1497, at Base 


Oxford in 1778. 
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His books contained drawin i ‘ 
foundations of surgery in Saree. instruments which laid the 
Ammar ibn-Ali al-Mawsib suggested a radical 
for soft cataract by suction through a hollow tube - ae 
design. Later on Khalifah Ibn-abu-al-Mahsin Was so — 
his expertise as a Surgeon that he removed successfully g ae : 
for a one-eyed man without any a 


reluctance. Ajj ibn-al-Nag 
contributed a clear concept of the pulmonary Circulation 
the blood, three centuries before the Portuguese Se i 


° ° ° é ” T 
who is credited with the discovery in the west, — 

With the objective to determine the circu 
earth Al-Ma’mun’s astronomers performed one of the most 
Sophisticated geodetic operations—the measurement of the 
length of a terrestrial degree. This measurement was done 

on 
the plain of Sinjar north of the Euphrates. It yielded 56,667 
miles as the length of a degree of the meridian—a remarkably 
accurate measurement, exceeding the real length of the degree 
at that place by about 2,877 feet. 

Al-Battani (877-918) was an original reséarch scientist who 
made many corrections to Ptolemy and improved the calcu- 
lations for the orbits of the moon and certain other planets. 
He showed the possibility of ring-shaped eclipses of the sun 
and presented original theories on the determination of the 
visibility of the new moon. He also popularized the first con- 
cepts of trigonometry, algebra and analytical geometry. 

iruni i idered the most original and 

Al-Biruni (973-1048) is consi ere P a 
profound scientist among Muslims in the i ae 

. : : TO 
He discussed with great perception the then ae caemret 
h’s rotation on its axis and accurately 

of the earth’s r axl fete accuracy he 

latitudes and longitudes. With almost comple ae 

determined also the specific gravity of eighteen a his collabo- 

and metals. The researches of gees accurate than 

ich is even 

rators produced a calender eee pe that yields an error 0 

the Gregorian calender—the calen an’s introduces an 

one day in 3,330 years whereas Oe. AL Kwari was the 
ee 0 years. Al- . He 

sed asa anae omens oe [ history of mathemalic® 

towering personality in the early 


mference of the 


; compose 
compiled the oldest astronomical tables pete risab ol 
oldest works on arithmetic and algebra. auonc’ 


i integr 
Jabr-w-al-Magabalal’ (the calculation of integ 


equation) presented over eight h 
considered his major work, a 
century into Latin by Gerard of C 
the sixteenth century as the rine and was us 
European universities, serving to Ipal mathematica| ed until 
algebra in Europe. Al-Khwarijzmi’ introduce the so; text of 
source for the introduction of th works were also he of 
algorisms after him, into Europe A Arabic numerals ° main 
cians was Umar al-Khayyam * Among the later mat “alled 
who mathemati- 
algebraic solutions of equations of Produced geometric 4 
excellent classification of equations € second degree and nd 
The muslims also contributed sin iA n 
of chemistry. They introduced id ony in the kanowledge 
obvious advancement over the conf. jective experiment, an 
Greeks. Muslim chemists were acc used speculation of the 
of phenomen on and industrious in mete in the observation 
though weak to draw scientific onal accumulation of facts, 
final theory, The father of muslim one sions and suggest a 
Hayyan who lived in the eighth centur He was Jabir ibn. 
and stated the significance of ex ye clearly recognised 
important contributions in both the theory and me ma 
chemistry He improved on the methods for evaporat . 
sul imation, melting and crystallization a ‘bed 
scienti nm“ nd described 
seentinealy the wwe Principal operations of chemistry; calci- 
mn solozioal scl scientist in the field of zoological and 
His weeks in whi renees was Al-Jahiz in the nineth century. 
later theo , ic e also cites Aristotle, contains hints of 
ries of adaptation, evolution and animal psychology. 
Ikhwan al Safa, in the tenth century, worked out a theory 
of cosmic cycles by which cultivated lands turn desert, desert 
land become cultivated, steppes change into seas and seas 
become steppes or mountains. Yaqut ‘pn-Abdullah al- 
Hamawi in the twelfth century compiled a geographical dic- 
tionary in which names of places were alphabeticaly 
arranged. It was a genuine encyclopaedia containing fh 
whole fund of geographical knowledge of the 8° an seal 
valuable information on history, nd i d to 
Science. Abd-al-Rahman ibn-Khaldun (1332-1406) attemp é 4 
j 
forinulate laws of national progress 4" 7 
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translated in th 
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the true scope and nature of history. 
be the real founder of the science of so Musi 

European had ever taken a view of history at once so come Or 
hensive and philosophical as that taken by lbn-Khalduy © 

The greatest names in the field of early Muslim Philosop} 
were of al Kindi, al Farabi and ibn-Sina. Al-Kindi (870.959 
worked in Neo-Platonic fashion to combine the vie 
Of Plato and Aristotle and considered the Pythagore 
mathematics as the foundation of all science. His 
work on _ physiological and geometrical 
widely studied in both Muslim and Euro 
until superseded by the superior works of in-al-Haytham, 
Ibn-al-Haytham, born about 965 contradicted the theory 
of Euclid and Ptolemy that eye sends out visual rays 
to the object of sight. He performed experiments for 
testing the angles of incidence and reflection. In certain 
experiments he suggested the theoretical discovery of 
magnifying lenses which was actually made in Italy three 
centuries later. 

The harmonization of Greek philosophy with Islamic thought 
started by al-Kindi was continued by al-Farabi. Probably ins- 
pired by Plato’s Republic and ‘Aristotle’s Politics, al-Farabi 
described his concept of a model city similar to a hierarchical 
organism, comparing it with the human body where the seat ci 
authority, the sovereign, corresponding to the heart, ts 
and served by functionaries who are themselves suppor 
and sustained by others still down the line. In his idea “a y 
the object of association and collective living was the app . 
and well-being of its citizens, and the qualification beth 
selection of the sovereign was that he should be Fo ition 
intellectually and morally — probably a ae fe th society. It 
fo implement and practise a perfect code of i e A century 
was, however, ibn-Sina who Placed in a . “of the educated 
the sum total of Greek wisdom at the service hin the Greek 
Muslim in a simple intelligible form. T ron tion a Islamic 
system was rendered suitable for incorp 
hought. e of the tru 
Philosophy, to the Muslims, was a knowlecg® far as tt 

as they really are, we The 
cause of things by human faculties. 
is possible to confirm them by 


He is acknow 


. led 
Ciology. No Bed to 


WS 
an 
US Main 

Optics was 
pean lands 


«Mutazilah-philosophy’ developed a rati " 
allonalist 


accorded the products of an Wing whi 
value and Caliph al-Ma’mun lent reason an abs ti 
this school of thought. official dele aed 


oe A 
Mu’tazilite school was al-Na Mong 


doubt was the first absolute 
The man credited with refutin 
and re-establishing the orthodox view which h 
the heritage of Sunni Muslims Was abu-al-H a 
in the tenth century. It is also attribut ra 
introduced the concept ‘bila kay?” (withou fd to him that he 
to which a Muslim is expected to a 
expressions in the Koran without any 
demanded. This principle seemed to have served, accordj 
to some thinkers, as a depressive influence on scientific re a 
and free thought. Al-Ash’ari was Succeeded by peat 
who was born in 1051 and died in 1111. Through him orthodox 
conjectures and derivations reached their highest level. His 
works deposed fiqh from the high position it had possessed, 
employed Greek dialectic to establish a pragmatic system and 
made philosophy acceptable to the orthodox school of 
Muslims. It is to the everlasting brilliance of al-Ghazzali that 
he reconciled the two views of thought, the Greek plilosophy 
and the monotheistic religion, and passed them on harmonized 
into Europe. In his approach al-Ghazzali seemed to have 
succeeded in reconciling faith and reason, and science with 
religion. To him Aristotle was truth, Plato was truth, the 
KORAN was truth; but truth must be one. So there ne 
the necessity of harmonizing the three, and in this tas 
Ghazzali succeeded in his time. 
Partly translated into Latin be 


writings affected significantly the © 
: homas Aquina 


the 
zzam wh €aders of 


8 the Mu’tazilite phi 


0, al-Ghazzall’s 


fore | : ewish 


aie J 
Christian and an 
s and Pascal were 
scholastic thought as T. vhich came closest to 


Se derihay eee = a 3 Professor ay 
orthodox Christian views. pe al-Ghazzali_ has held sla 


scholastic shell constructe¢ ed in bre 
to the present day, but Christians iene 0 
its scholasticism, particularly as ast have part 
Revolt. Since then the West an ‘te the Jate 


Jater 
- caence while the 
the former progressing 19 science 
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Ibn-Bajjah in the twelfth ce . 
gradual perfection of the hair ce ae 
aes Intellect” is the object of phil 

ced the concept that human ca 
external agency may acquire the kno 
world and may feel by degrees its depen 
Being. The greatest moslem Philosopher was prob 
Rushd who lived from 1126 to 1198. His most 
writing was his ‘Tahafut al-Tahafut’ (the incoheren 
incoherence), a reply to al-Ghazzali’s attack on rationalism ; 
his book named ‘Tahafut al-Falasifah’ (the incoherence Hes 
philosophers). It was this work that made ibn-Rushd fa oe 
in Europe. To Europe he became ‘the Commentator” 
Aristotle was called “the teacher”. From the end of ihe 
twelfth to the end of the sixteenth century Tbn-Rushd’s 
philosophy remained the dominant school of thought in 
Europe inspite of creating hostile reactions among the muslims 
as well as the christian ministers. He was a rationalist and 
claimed a muslim’s right to submit everything save ‘the 
revealed dogmas of faith’ to the judgement of reason, now 
called science. For him the freedom of expression and freedom 
of speech were perfect Islamic concepts as for him a muslim 
society was a free society of free men, free to speak, think, 
act, feel, own, regulate a society, for the good of all, in which 
every man would have a chance to grow, and those whose 
chances were lesser would be protected rather than exploited by 
those in power — a fundamental philosophy of the free-world 
in the twentieth century. Ibn-Rushd was not, in any way, 4 
free-thinker or an unbeliever. After being censored and purged 
of ‘objectionable material’ by church authorities, his Aah 
phical writings became prescribed studies in the rae - 
of Paris and other institutes of high learning. With 4 4 

. : iled under its name, the intellectual an 
aco ee ios ieee’ enersized by ibn-Rushd flourished as 
rationalistic movement energized by ibn- eee f modem 

ivi in European thought until the birth 0 
a living force in p i: ‘aciple. This movement 

i 1 science as a guiding principle. Sande 
experimenta ‘ke roots in muslim lan 
of ibn-Rushd failed somehow to strike ee ohilosophica 

In the process of passing on this es a in Spain, main 
knowledge of muslims into ee ve of muslim learning 
taining its position of an importan 


ach that 

ough union With = 
osophy, Tbn-Tue 
Pacity UNAassisteg by 


wledge of the highe, 


Supreme 
ably ibn. 
Wgnificant 
Nee of the 


dence upon a 


even after its Christian ¢ 3 
channel. By the end of a sot IN 1085, Acted ay 
and philosophy had been ascihiisi centur Muslim 
function as an intermediary ins as b gion 
developed and  flourisheq inc 0 an end. Then Spuin’s 
century onward, Spain’s lin : 
their contribution became vo q 
centuries, till the middle of eee Over the next Seven 
came on the scene. 

With this rudimentary sweep on the history of the scient; 
development in the world, one has to fathom € scientific 
significance and the magnitu and assess the 


de of the scientif j 
of Salam and the role that he has played and : Eats 
service of science in Pakistan and Other dsvelonine tats 


Salam has, in brief, not only assimilated the Major works 
created and developed in mathematics and physics for the 
last eight centuries in the west but has also made original 
contributions in mathematical physics which qualified him 
to win the Nobel-Prize for Physics in 1979. After a gap of 
seven centuries his two books on symmetries have become a 
part of prescsibed studies in post-graduate physics schools in 
Europe and the United States. As regards his philosophical 
thoughts as a scentific thinker he declares that science must be 
kept completely separate from religion, and as poverty is a 
form of ‘Kufr’ for him, he preaches the development of science 
and technology in Muslim lands as an initial and major ie 
of Jihad under the exsisting conditions. To him ea alla 
ments in science produce new insights and seghne ae 
ing of religion as true religion is strengthene’ © a 

nt of true science. 
than is weakned by the advanceme han to al-Ghazzali 
To me Salam is more close to ibn-Rushd than 


: entury. 
in religious philosophical thought in the 20th ¢ 
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Hafiz Abdul Majid’, 
Muhammad Hussain. oa dated 13-8.49 
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2, Mian Afzal Hussain’, letter dat ” 
to Abdus Salam, ang dated 12th I , 
Muhammad Hussain. ue 


My dear Abdus Salam, 


I have just received your letter of 
very post I also received a letter fro 
doubt in mind that Mr. Sharif will do his very best for you, 
If you get a stipend of £600/— to continue at Cambridge for 
another two years you should consider yourself very fortunate. 
I have no doubt that they could offer you an appointment 
today and permit you to join after the completion of the 
course of your training at Cambridge. I am, howerver, doubtful 
if you could count your seniority from the date of this offer. 
The seniority usually depends on the date of taking over. 
In my own case, I was offered an appointment sometimes in 
July 1916 but I did not join till January 1918 lost that seniority. 
One has to take chances in all these matters. My advice to 
you would be to accept the stipend, complsie your studies 
at Cambridge and not worry about the rest. 

Many thanks for your good wishes. Insha Allah I will be 
leaving for Hajj on the 27th of next month. 

With best wishes for your future. 


18th August and by this 
m Mr. Sharif. ] have no 


M. Afzal Husain 


Abdus Salam, Esquire, 
C/o Supdt., 
Office of the Inspe 
Multan City. 


ctor of Schools. 
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Pakistan Public Service Commissi 
on 


Karachi. 
12the June, 195]. 


My Dear Mohd Husain Sahib, 


My heartiest congratulations on Abdus Sal 
success. Wherever he has 
all very proud of him and 
proud of his achievements. 

Men like Abdus Salam do not belong to any community 
or country. Their place is amongst the most brilliant in the 
world and therefore they belong to the entire humanity. In 
my opinion wherever Abdus Salam has the facilities for work 
he should stay there and Pakistan should help him to stay 
there. His personal gain or the gain to his family or to his 
country would be insignificant as compared to the gain to 
science to which he is devoted and the advancement he 
makes will benefit all human beings whichever country they 
may be living in. 

I am afraid Abdus Salam will not find facilities for work 
as good as they are in Cambridge or in any University in 
America but, I am sure, when he comes over and joins the 
Government College, Lahore, the Government would provide 
him whatever they can. Let us hope for the best. 

With best wishes and repeated congratulations, 


am’s brilliant 
been he has won laurels. We are 


I know you must be particularly 


Yours sincerely, 


M, Afzal Husain 


Mohd Husain Sahib, 
House No. 634, 
Nawan Shebr, 
Multan. 
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4, Translation Of Professor 


Pauli? 
Weisskopf : 


S letter to Profess, 
r 


TRANSLATION 
Dear Weisskopf, 


Now the first shock is over and I be 
again (as one says in Munich), 
Yes, it was very dramatic. On Monday 21st at 8:15 p.m, 
I was supposed to give a talk about “past and recent history 
of the neutrino”. At 5 p.m. the mail brought me three experi. 
mental papers: G.S. Wu, Lederman and Telegdi: the latter 
was So kind to send them to me. The same morning I receiveg 
two theoretical papers, one by Yang, Lee and Ochme, the 
second by Yang and Lee about the two-component spinor 
theory. The latter was essentially identical with the paper 
by Salam, whichI received asa preprint already six to eight 
weeks ago and to which I referred in my last short letter to you. 
i in the U.S.A.?) (At the same time came 
(Was this paper known in the U.S. ae 
a letter from Geneva by Villars with the New York Ti 
article. : 
where shall I start? It is good that I rs eer 
bet. It would have resulted in a heavy Sees a Gilt 
fford): I did make a fool of myself, howeve | 
ee incidentally, only in letters 
I think I can can afford to do)—inci 1 a nie 
or orally and not in anything that was printec. 
i h at me. d” 
ve the right to laug bs eee n ayer 
What luonnnuteae ie oa betas eet as left/ 
i ite of this He sit 
Patera ee pel esses Himself strongly. - ; ft/ 
when He expr 5 are le 
right symmetric strong interaction 
the real problem now 1s He : ngth of an interaction pro- 
i the ste yation 
tric. How can. invariances or consef 
right symme ups, invarian song 
ducc onceie nm a : e to my premature and W tion 
laws? This question prompts eo answer to that a 
aMss . ’ w any g ‘ recedent. 
prognosis. I dont on that already there caeghae is not 
but one should consider isotopic spin-space, + understand 
ional group in Is e does no 
the rotational g netic field. On 
valid for the electromag 


gin to collect Myself 


either why it is valid at 
analogy here! all. Tt Seems that th = 
In my lecture Ste jg 
C t described how B * certain 
Solvay Conference, 1932) 4. Ohr (Fa; 
eut . ‘ > m . e 
the neutrino, considered Plausible , in Opponent 
law in the beta-decay (what 6 io 
tion’), how his Opposition ne lls toda “sy © energy 
he said in a more came 
d fi ory MAY (1933) that nd 
pared for surprises” not anywhe at one mug 4. «OW 
beta-decay. Then I said spoittanee but Speci © "pre 
moment that at the end of my al (on the Spur of gf 
surprises which Professor Bohr had aon Come back e 

He was not right with the e a , 

tl th nergy law* but 
will there be any stop after this new nrineit 2 YH knows 
: h he f : : Princ , 
it, perhaps the beta Interactions are still * 
violate also the energy law; but what if ther 
interactions for which also the energy law pas 
(as Bohr wanted it originally)? 

One could perhaps also describe such a thing with the 
general formalism of wave mechanics (and field quantization): 
Imagine in the Hamilton operation an interaction term multi- 
plied with a very small constant that depends explicitly on 
time (e.g. oscillatory); then you would get a thing like that. 

Obviously one would say: The time dependence is an ex- 
ternal field that supplies and withdraws energy. This way 
one turns things around. But one could try the same trick 


also with the left/right asymmetry. Take equation (23) on 
morial volume (this paper 


let us imagine, for 


are still weaker 
no longer hold 


such a theory would 5 
for us mortal men, however, Si? 
that hypothetical new field 
practically constant in respec ae 
0 
geneous) and that we have no" eae 
Well, this is a very eononl f : really examined . 
r 
field? I do not know whether "oe knows, 
Lorentz invariance of the interaction ( 


124 


it is so for free particles), why not just a vector field eas 
a pseudo-vector field $ (kA+) whose 4-, or [1 2 Sconce 
respectively, are much larger than the others? Incidentally 
I have published a remark in 1936 (in a somewhat hidden 
passage) that the constant of the Fermi interactions coulg 
perhaps be proportional to the square root of the gravitational 
constant. No method exists to confirm such a hypothesis or 
to disprove it. I think, however, one should keep the possibility 
in mind that there is some unknown field involved here. That 
this is the case just for the weak interactions might have 
some special reasons which ought to be connected with the 


unknown physical nature of the fields. Many questions, no 
answers! 


*Only in Nature, 1936, did he give in! 


5. Professor Pauli’ 
established exPerim S letter to TOfesso, 125 
entally that ; GS, Wa Who 
interactions Parity ;. Violated first 
in 


Extracts from Gamma Adventure 
S 


Immediately after th 
€ news 
letter from Wolfgang Pauli pie “nounced, | Teceived a 


; 66 99° ‘ Which he 
combined “Cp” Mvariance after learning pe ON this 


experiments: © Tesults of oy, 
Zurich 
Dear C. S. Wu: Yan. 19, 1957 


nuclear spins, indicating a restriction of the left-right asym- 
metry of the theory in sucha way that the left-right interchange 
must be coupled with a change of sign of the ‘lepton-charge’ 
(means neutrino => antineutrino, t <> é). So it is, if I under- 
Stood Blatt correctly. 

When I considered such formal possibilities in my paper 
in the Bohr-Festival Volume (1955), I did not think that rae 
could have something to do with Nature. I considere 


i matter of fact, I did 
merely as a mathematical play, and, as . ee ee 


not believe in it when I read the pap ad this proposal 10 
I did not believe Salam either, when Ir din in parity 
a emaenonienag sien wae neutrino. — 
an sanishin of the res ‘ : , it is equivaren 
pr sees fas ; pene beauty in Lag beets ‘component spit 
with the description of the neutrino ie 

only. 4 

What prevented me ua: 
Possibility is the span is 
appears only in the wea ere an 
ones. Theoretically, 1 do 2° 


: is formal 
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fact, which is empirically so well established. Do you know 
somebody in the States, who has real ideas about that? 

Can you write me more about your work—of course only 
when you have time for it and when you are sufficiently sure 
about the results—and can you send me a preprint, when 
there will be one? 

That Professor Pauli was perturbed by these dramatic 
events can be seen from the following lines: 

In any case, I congratulate you (to the contrary of myself). 
This particle neutrino—on which I am not innocent—still 
persecutes me. On Monday, I have to give a more general 
lecture on old and new history of the neutrino. I have read 
much literature this autumn, including your article in 
K. Siegbahn’s Handbook. It is fine, but 1 disagree with your 
discussion of the upper limit of the neutrino rest-mass which 
seems to me too high. 


Discovery of Parity Violation in Weak Interactions 


Very few peo 
. ple outsi London: 
standing physicists hee the small circle of 
Pakistani scienti Ppen to kn the worlg’ 
Scientist has made to Ow of the contrib S out- 
Ution a 


year. Fewer stil . theoreti ; 
This Pakistan his achievement inh physics early this 
ni scientist is Dr Abi country, 
: us Salam, wh 
’ 0) 


recently succeeded 

. Professor H 

Applied Mathematics and Th yman Levy to the Chai 

College, S .; eoretical Physi r of 

. , south Kensingto ysics at the Imperial 

its outstandi ‘ n, London, which i pew’a 

which ing achievements in the field S reputed for 
ich as a result has been selected of research, and 

for the training of scientific man as the central institution 

from other countries. power to meet the competition 

Professor Salam’ ibuti 

am’s . ; 
to what is cal contribution to theoretical physics relates 
“Prine is called the “‘Reflexion-symmetry Principle” or the 
fewlnen of Parity’. Four names are associated with the 
are ae am theoretical verification of this theory. They 
Soviet 0 rof. Salam of Pakistan, Prof. Landau of the 
L et Union, and two Chinese scientists, Professors Yang and 
ee of the United States. 

Professors Yang and Lee were t 
correctness of the right-left symmetry principle which had been 
accepted by all physicists up to then. in a paper published by 
them in the summer of 1956, and they proposed a number of 


experiments to decide whether the princip 
out b another C 


experiments were carried 

Mr. Wu, of the U.S.A., in the mi f January 

results confirmed the suspicio 
a 

_ Even prior to these experiments, Prol. sae periment 

in November 1956 the exact resu ts W i at givin 

would yield. He prepared @ P@ er on the subir” 


he first to question the 
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conclusions and exact quantitative calculations, w 
to the Italian journal “J! Nuovo Cimento”, Th; 
editor of the journal on November 15. Earli 
copy of the paper to Prof. Pauli, the Zuri and 
Nobel Prize winner, who is universally acknowledged a, one 
of the world’s topmost physicists. But so firm was his belies 
in the correctness of the parity principle that when he received 
Prof. Salam’s paper he sent back the message: “Give my re. 
gards to my friend Salam and ask him to think of something 
better.” 

Subsequently after the results of the experiments were 
known, Prof. Pauli in his letters to Prof. Weisskopf. dated 
January 19 and 27, acknowledged having received Prof 
Salam’s paper several weeks before he got the paper of Pro. 
fessors Yang and Lee. Professors Yang and Lee themselves 
have acknowledged the fact that they had seen Prof. Salam’s 

ipt before they had written their own. 
About the same time, a Russian scientist, Prof. Landau, 
working independently, developed the same theory ee 
cember 1956. Prof. Landau who is the Head o , . oe 
Institute of Theoretical Physics, is counted among . oF 
world authorities on the subject. Prof. Mendelssohn, F.R.S., ied 
: iti ici had recently attende 

of the five leading British physicists who voned article in the 
a conference in Moscow on physics, in , Oro * Landau. He 
Sunday Observer, paid slowing wical hy Ics in Moscow has, 
said: ‘“‘Landau’s school of theoretical 9) i tt can be com 
at present, no equal anywhere in the world. h flourished in 

ted fr with the Sommerfeld school whic theoreticians 
the twenties in Munich and produced vet he flair for new 
now holding leading positions in the Wes 7 "fostered and ¢n- 
. iginal solutions, so assiduou y vos. and the 
ideas and origina ing feature of Soviet physics, ~ 
couraged, is an outstanding West a singe _ 
s dep 
i «cal cafl 
service by im plyin B that a whatever that Soviet science 
espionage. There is no dou vad that in any £0 
be completely self-sufficient, take. In deed, unless the ‘dly. 
there will be as much give as ~ientific development ally 
Powers succeed in stepping i of becoming techn 
they must face the possiblity 


i ithi ears.” 
inferior to the Russian within ten y 


It is, therefore, not the 
independently arrived at it SUPrising that p 29 
in the journal “Nuclear py, ame Tesults, His Landau hag 
chronologically, Prof. Salam’. in 
than that of Prof. Landay wire came ou 
Professor Yang and Lee 
already on record in scie 
ject and whenever the ne 
the four names associate 
together, although in the 


the names of the Chines 


ee : agazines, Ti ; 
Fortune, Scientific American, and Post of the ane ihe 
y on 


published lengthy articles and Professors Yang and Lee sh 
into the scientific firmament as twin stars of blinding britlianee. 
The “New York Times’ devoted four full pages to the report 
and published the full text of the manuscript of Yang and Lee, 
an unprecedented thing among daily newspapers in the West. 
The new theory developed by the four scientists has a great 
bearing on the concept of elementary particles and is a valu- 
able contribution to nuclear physics. It explodes the faith 
entertained by scientists from the days of Leibniz that nature 
did not recognize any inner difference between the right and 
the left. Since the time of Leibniz physicists had believed that 
in physical laws there was no distinction between the right an 
the left—popularly speaking the existence of the right hang 
implies that the left hand also must exist. Since the right ied 
is the mirror reflexion of the left, the princips ac re of 
the “Reflexion-symmetry Principle” oF the Pens 
Parity”. ‘oi 
As the British mathematical physic that 
winner Prof. P.A.M. Dirac, bas shown [me 


there must be an anti-particle, 


t and Nobel Prize 
for a patticle 


reflecting tt in 
that if a particle exists, the one obtain ake place, " 
.; ; ea 
mirror must also exit. If at mirror ig also physica'y 


, . in a 
corresponding reaction seen in 
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possible one. If right-polarized neutrinos can ey: 
must the left-polarized neutrinos. “XISt, 50 

This principle has a philosophical appeal for man 
Apart from its philosophical appeal, this principl 
to be valid for all strong and electro 
In the summer of 1956, Professors Ya 
that there had been no experiment so far to Prove or dispr 
it for weak interactions, and therefore suggested q number of 
€xperiments which might determine whether this symmetr. 
principle was true. , 

So deep was his faith in the correctness of the Parity principle 
that Prof. Pauli who is acknowledged as an eminent authority 
on the subject wrote in a letter to Professor V. F. Weisskopf 
of the Massachussetts Institute of Technology on January 17, 
1957: “I do not believe that the Lord is a weak left-hander, 
and I am ready to bet a very high sum that the experiment 
will give symmetric angular distribution of the electrons. I do 
not see any logical connection between the strength of an 
interaction and its mirror invariance.” 

Two days later he hastened to write another letter in which 
he said: ‘“‘A quick addition to my last letter. Blatt has written 
to me that the experiment of Wu with the oriented nuclear 
spin gives a symmetric angular distribution for the electrons. 
Very exciting! How sure is this news? He also says that the 
neutrino and antineutrino are spatial mirror images. The 
Lord has in his left hand e— in his right hand e*”. 

By this time he had also received Prof. Salam’s paper. m 
the same letter he also wrote: “This corresponds to an idea 
of Salam, who introduces a connection with the vanishing i, 
the neutrino mass. This is equivalent with the descr o i 
the neutrino being a two-component spinor with Zens ly 
but why is this restriction of the mirror aay, know 
present with the weak interactions? Does anybocy 
about that?” « r the 

On January 27, Prof. Pauli again wrote: aa vas very 
first shock is over I begin to collect myself. ves One | was 
dramatic, On Monday the 2Ist at 8 in ree nistory of the 
supposed to give a lecture on the old and imental papers 
neutron, At 5 p.m. I received three ¢xprl 


i rning, 
Wu, Lederman, and Telegdi. In the same mo 
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€ is kn 
. . . Own 
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ng and Lee Pointed out 


theoretical papers came b 
the two-component gp; & and 

Pin theo : Lee nd ©, 
Weyl, 1929, and was original, is theory ores 
My Handbuch article ip 19 Y wrongly j 


y Yan 13] 


a 

3 nt Sin, 

this with him), 2 Teproduces a preted 
“This theory is containeq in 


earlier paper b ~ _t &ssentially 
SS eisht y Salam, whic I receiveg iy 
six to eight weeks ago, I wonder if it i aS a preprint already 

§ 


“Now where shall I begin? 
a bet since it could have cost 
fford). Thi 
me This way I only have blundered in let 
and lost prestige (this I could afford I eee 
to laugh at me in this situation, 


“Tam shocked not so much b 
hander, but by the fact that ahi oe i et 
symmetric when he expresses himself strongly. In ie ve 
actual problem seems to be the question: Why are the strong 
interactions parity-symmetric? How can the strength of an 
interaction produce symmetry groups, invariances or conser- 
vation laws?” 

Professors Yang and Lee to whom Prof. Salam had sent 
his paper did acknowledge the fact in their paper on “Parity 
non-conservation and a two-component theory of the neutrino”. 
In Footnote 5, they wrote: “We have received a aeae 
from Prof. A. Salam on a theory of the neutrino similar to the 
one discussed in the present paper. He specifically discussed 

‘ He also gave the 
points (A) and (B) that we discuss ee rees with the 
Michel parameter for the mu decay that a8 


ones obtained below in Sec. 6.” 


“Left-Eyed Giant” 


Prof. Salam once explained t0 2 ©" ctassical legen<® Sal 
this discovery in physics asi f] any instance oa 
icist if he could reca® | he left eye 

asked the classicis os aan ytnol0eY 

literature of a legend abou . ncl 11 sport 


ants did figure” a 
admitted that one-eyed eae by one, but we rof. Salam 


ne | 
and proceeded to name see e of theit force eyed giant, 
their solitary eye et aled space as 
Said that the new 
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and the pity of it w 
as that there dij 
eyed Counter-part to it. eee MOEA a Tight. 
Returning instantly from this light 
assical mythology, Prof. Salam in a 
explained the reason for the asym 


-hearted digression 


int 
recent lecture in Lo ‘ 


ndon, 


trino was 
left symmetry. “We have lost 


ut perhaps gained an e 
: xa 
zero mass for the neutrino,” he said. “Today the il 


seems unimportant compared to the loss. A few years 
hence we may think differently.” 

Prof. Salam explained how he reached the conclusions 
before Yang and Lee had. He had heard of the work of the 
Chinese physicists in Seattle in September 1956. During a 
flight from New York to London, it struck him that in all the 
experiments proposed by Yang and Lee, an elementary particle, 
the so-called neutrino, was emitted. It was long suspected that 
the neutrino has a rest-mass very close to zero. Prof. Salam 
could show by a simple argument that an exactly zero mass 
for the neutrino was incompatible with the right-lefc symmetry 
principle. Perhaps nature preferred that the neutrino should 
have an exactly zero-mass and was willing to sactifice even 
the reflexion-symmetry principle to achieve this. Starting from 
this Prof. Salam could predict exactly and quantitatively what 
the precise results of the experiments proposed by Yang = 
Lee would be. These experiments were carried eek re 
middle of January. Their results exactly tallied wit 
numbers Prof. Salam’s calculations had produced. oe 

The main credit for these experiments ae ee ae 
paeeite pela ee cae se eaten received 
domiciled in the U.S.A. When the Chine 


, intang regime 
; ‘city Chiang Kai-shek’s Kuomia : 
world-wide publicity d den as their nationals and con 


i ‘wan proudly claime . 
sae on pe gold medals, and prizes of 1,000 $ ca 
Life-Sketch ae F 


th 
ded Prof. Levy to rial 
Professor Salam, Wit 4 Theoretical Physics at the Impe 


Applied Mathematics an 


College, is the youngest Professor tp 
He is only thirty-two. He js the f © colle 
any Commonwealth country tg St and 
first Asian to be appointed to the UPY this posit 2 from 
jn any university in Britain. i iT of a Scie ANd the 
had once occupied a Chair at Ox ise Ra 
professor of Indian Philosophy, Td Universi 
Prof. Salam was born in Jhan 
He had a brilliant educational 
student throughout and topped 
Intermediate, B.A. and M.A. examinati © Matrj 
University. He set up a new recorg . fe Of the Punjab 
in 1944, which still stands. Hig ie Sxamination 
examination in 1946 won him a reais in the M.A. 
join Cambridge University from where is Scholarship to 
in Mathematics in 1948 and Tripos in his Tripos 
with a double first. ysics in 1949 
Subsequently, he was elected to a Fellowshi , 
College, Cambridge, in 1951, for research ian . ae 
theory, and a similar Fellowship in the Institute of Advanced 
Study (Einstein’s Institute), Princeton, U.S.A. Returning to 
Pakistan with high hopes and still greater zest, he was 
appointed as Head of the Department of Mathematics, at the 
Government College; Lahore, in 1951, and in the following 
year he accepted the chairmanship of the Department of 
Mathematics in the Punjab University. 
However, for a person of Prof. Salam’s ability, attainments 
and inexhaustible zest for work Pakistan hardly uae fel 
opportunity or conditions for the full play wees penne his 
yearned for the opportunity, but none was visiDle 
limited horizon. Le 
When Prof. Salam was leaving Ens! wi i f oe akin 
had made a prophetic statement. He sa! the Imperial Colles® 
found that it had no use for Prof. Salam, 


’ ds 
f. Levy’s Wor 
would certainly have a place for him. Fro enti 
came true.  stted 0 join Cambridge 
In 1954 Prof, Salam was invited ich position he 
: : athematics, Ww Levy at the 
Versity as a Lecturer in M rof 


cee 
until early this year when he suc 
Imperial College. 


g, in West Pat; 


a ‘ : 
the list in th Sa First Class 
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Shortly after assuming the chairmanshi 
of Applied Mathematics and Theoretical aap ebarten 
College, Prof. Salam delivered the inaugural aidte Imperial 
Mathematics Society of the college, on “El ementary . Of the 
Which was attended by many distinguished Bion 
Introducing him, Prof. P M.S. Blackett, Nobel Prize wits 
and Professor of Physics at the college, said: “Dr. Si 
a meteoric academic career at school in Pakistan and see 
to possess an extraordinary facility for being unable to 
any examination in any subject except at the very top o 
list. In 1946 he migrated to Cambridge and came to the 
greatest decision of his life, a decision which affected Us here 
when he had to make up his mind whether to take an 
M.A. in English literature or in Mathematics. Luckily 
for Physics and Imperial College he chose the latter.” 

After referring in very eulogistic terms to the other aspects 
of his career, Prof. Blackett said: “In 1955 he showed his 
administrative gifts by becoming one of the scientific secretaries 
of the great international conference at Geneva on the peaceful 
uses of atomic energy. Salam’s work in theoretical physics 
has been mainly of a very abstract kind, originally dealing 
with Quantum Theory of Fields, a subject of which I both do 
not know anything and know I'll never understand. Latterly 
he has gravitated towards the field of Elementary Particles, 
which is a very familiar and dear one to myself and to my 
young colleagues here in other parts of England and in the 
world, and this is what he is going to talk about today.” 

Prof. Salam has just returned to London after a visi fa 
Argentina, Brazil and France. He spent two weeks at 
Aires lecturing on nuclear energy at the Laat Lis 
Atomic Energy Commission of Argentina. - pee pte 
week’s stay at Rio-de-Janeiro where he eatige oe ee 
on the same subject. At the Invitation SG Summer 
ment he visited the International Theoretica ie se etures 
School at Les Houche where he evs i ne of lectures 
Next month he is visiting Italy to deliver a 


on Elementary Particles. 
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S note the 


“Islami i 
Slamic Science Foundation» on 2 
Nn 2nd J 


stablishnent 
uly 1973. 


I 
SLAMIC SCIENCE FOUNDAT] 
ON 


of 


2. Need 


No Muslim country, in the Middle East, in the Far Fast 
or Africa possesses high level scientific and technological 
competence attaining to any international levels in quality. 
The major reason is the persistent neglect by Governments and 
society in recent times in the acquiring of such competence. In 
relation to international norms (around .3% of economically 
active manpower engaged in higher scientific, medical and 
technological pursuits, with around 1% of GNP spent on 
these) the norms reached in the Islamic world are one tenth of 


what one should expect for a modern society. 


3. Objectives of the Foundation 


. . da- 

It is suggested that a well-endowed Islamic Scien Oe - 

tion be created with two objectives: building ation. 
scientific personnel and building up of § 

In pursuit of these objectives: | 

scientists 


new communities of 


(a) The Foundation will oe will strengt ystematic 
. 8 ge here none e ; an one in a s 

m wits which do exist. This will be 4 

munities 


manner, with the urgency © 
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(b) The Founda 
Strengthening insti 


arch at 


4. Programme 


ce pursuance of its twin Objectives: [(a) of building up high- 
eve scientific Manpower in a systematic manner, and by 
employing this manpower for advanced work for the ae : 
ment and strength of Islamic societies] the Foundation ai 
pursue the following programme: 


(a) Building up of Scientific Communities 


(1) Scholars will be sponsored by the Foundation to acquire 
knowledge of advanced sciences, wherever available, in areas 
where gaps exist and where there are no existing leaders of 
sciences. After their return to their countries, the Foundation 
will help them to continue with their work. Funds of the 
order of $10 million would support some 4,000 scholars annu- 
ally while they are receiving advanced training, and support 
around 1,000 scholars and the needed facilities on their return. 


(ii) Programmes will be organized around existing scientific 
leaders in order to increase high level scientific manpower. 
For this purpose contracts will be awarded to panne 
departments to strengthen their work in selected fields. Quality 


of the University faculties will be the criterion for the award 


of these contracts. Funds to the total of around $15 million 


may be spent annually for these contracts. 
world with the 


Muslim coun 
ntacts 


m the Islamic 
sting science in 
ation. There are no co 


(iii) Contract of scholars fron 
world scientific community. Exi 
tries is weak because of its isol 


between scholars in Muslim Countries 
community, Principally on Account of dist? WOtld seie 
on the interchange of ideas and stance, g. Sientifng 
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countries w international Scientif OUS cr icism 
fies and dies. The Foundation Will eng, Ss Science 055 
This will entail frequent l 
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Sla and ars 
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Over 15 countrie 
a year from any one Country in any one soj 


As, spread 
S, 1S about 20 visits 
ence, 


(b) Sponsoring of Relevant Applied Research 


The Foundation may spend aroy 
strengthening of existing, and the Creation of new research 
institutes on problems of development in the Middle East and 
the Islamic world. These new institutes of international level 
and standing would be devoted to research in problems of 
health, technology (including petroleum technology), agri- 

; i . These institutes may 
cultural techniques and water resources 
i ited Nations University system in 
also become units of the United Na aster in 
order to attain international standards of quality an ae i a 
ment through contact with the ME oats . 
* acti ik tional Rice 
successful’ institute ae “s 5 96 millon to create and about 
ilippines costs about »»— 
the Oe emnount to run at an international level.) 


nd $25 million for the 


5 million in making 


ically 
. ‘es technologica 
. ic countries - rough 
ulation of Islamic achieved 

the re ifically minded. This will ve 
and scie -. throug 
instruction using mass me thoU gh the awat 
libraries and exhibitions, 4 An appreciation O° ss rea 
discoveries and inventions. rucial if there ' 
technology by the masses }S © 


ology: - 
impact of science and techn dernising 
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(d) The Foundation technology 4 


syllabi for science ane 
asat University levels. 
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5. Functioning of the Foundation 


(a) The Foundation wil] be open to 5 


Islamic countries which are m Ponsorship 4 


embers of the Islamic Conferen 
(b) The Foundation will have its headquarter Ce, 
seat of the Islamic Conference. In order to ie oe 
continuous contact with the research centres ad active ang 
endows, it may set up subsidiary offices as well : ot 
scientific representatives, resident or at large. S employ 


Cf at the 


(c) The Board of Trustees of the Foundation, which wil} 
responsible for liaison with the Governments, will ae 
representatives of the Governments, preferably Scientists. a 
endowment fund of the Foundation will be vested in the name 
of the Board of Trustees. 


(d) There will be an Executive Council of the Foundation 
which will consist of scientists of eminence from the Muslim 
countries. The first Council and its Chairman (who will also 
be the Chief Executive of the Foundation) will be appointed by 
the Board of Trustees for a five-year term. This Council will 
decide on the Foundation’s scientific policies, the expenditure 
of the funds, their disbursement and their administration. The 
work of the Foundation and the Executive Council will be free 
from political interference. The Board of Trustees, through 
the statutes, will be charged with the responsibility of ensuring 


this. 


(ec) The Foundation will have the legal status of a mace 
non-profit making body and would have a tax-free status 0 


its staff. 
in respect of its endowments as well as emoluments of its 


, : : . . h United 
(f) The Foundation will build up links with a system, 


Nations, UNESCO and the United Nations De iGO) 
with the status of a non-Governmental organization 
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8. An abridged version of Salam’s Paper on “Ideals and R li 
ea ities» 


IDEALS AND REALITIES? 


I am deeply honoured and much i 

to give the first lecture in this ee pPortunity 
Universal Problems, particularly just after pea tts and 
seis = bas momentous of special sessions of the Unites 
ing . tle “oo dealing with this subject. This 
crisis in i h Bee te re nee Mouaistlss the: Global 
in uman family’s continuing and near-permanent 
polarization between the rich and the desperately poor and the 
latter’s demand for a New International Economic Order. 1 
have looked forward to the opportunity of speaking to you to- 
day because I know that Sweden is one of the few countries of 
the world which has understood the issues; it is the ONLY 
country at present which is fulfilling the United Nations 
targets of aid. Its youth led the world in 1972 so far as global 
concerns go. My purpose today is to have a dialogue with you 
and to explore what are the ways in which the almost total 
incomprehension among the rich nations of what the poor are 
really demanding can be removed—and the urgency of the 
crisis mankind is facing brought home to developed societies. 
The short-term crisis the world faces is simply this. The 
developing world—some-nine tenths of humanity—is bankrupt. 
We—the poor—owe the rich—one tenth of mankind—some 
50 billion dollars. The poorest amongst us cannot even pay the 
interest on our borrowings—far less find the 10 billion dollars 
we collectively need to import 10 million tons of cereals every 
year to feed ourselves. My own country, Pakistan, owes imac 
6 billion dollars—roughly equal to Pakistan’s GNP for one 
year, roughly equal to Pakistan's six years’ export pee 
’ ’ isious Economist magazine stark'y 

Last week’s London's prestigious se borow 

said: “The poorest among the poor who can neither 


i ir i —theif 
more nor draw on reserves will cut on their imports t 
ill si tarve”’. 
people will simply s Oe re 
But this short-term crisis 1s only a part of a long a 


. . an 
- s nced in income 
crisis. Our world is terribly unbala d’s income, 


ri 
consumption. At least three quarters of the wo as 
er, 
ts of the University of Stockholm, 23 Septem 
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three quarters of its investment 
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the world’s research ar » its gery: 
: © conce eTVICe 
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sum Int Mo: 
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armaments alone, as m 
uch a 
n 1970, t ue as the JOr mj 
I he world’s richest one Sa of the = 
ion earp combi 
ed an Ned 


$3,000 per person 
per year; the 
’ world? 5 


no more than a $ 
$100 each. And the awful atest 
Part of it j 


ae! nothing in sight— ne billion 
which can stop this disparity nO mechanism s that there 
pattern—the market economi Whatsoever_ 
ics—j e traditi 
ne hundred dollars per capita of is expected to F adlitional 
an three dollars by 1980, whil the poor to all Bee Crease the 
will grow to $4,000— fae ‘ He the $3,000 earned ie hundred 
over an entire decade an increase of $3 agai y the rich 
No wonder th , Sainst $1,000 
aicdevel € poor nations consider vis; 
ae vere on the traditional oo of any growth 
raud. This is the system which j mic system a vici 
liquidity and credits of 120 Silich Fi i last 20 years el 
these to the poor nations. This i : lars allocating just 5°/ of 
billion dollars for world jie FE the system which pays 200 
reaches the primary producer ae as only one sixth of this 
going to the distributor and the dd fothecteaty fINS: Sixth, 
this isthe evst : mid leman in rich countries— 
ystem which gave 7 billion dol 
and took away almost exactly the Sonata ner a0 
sam 
. rides commodity prices. No al naar de - ain 
mar K ‘4 jie emanding 
fate ee s words: “Ah love! could thou an¢ I with 
ne ’ O grasp this sorry scheme of things entire, would 
heats ua it to bits—and then remould it nearer to the 
5 ; 
Pe nies the past three to four years, some of the brighter young 
Al musts of the Third World countries, Brazil, Mexico, 
deat Pakistan and others—helpe 
inguished figures in World Economi 
ee towards a new synthesis of d 
as growth. I am ashamed for my 
nN no scientists or technologists 
ie new synthesis—embodied in the so call 
io declarations— which formed the bas!s of the Re 
; Declaration on Establishment © Nev ial ses 
conomic Order, adopted in ! 74 by the sixth spe 
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own profession, 
associated with them. It is 
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of the United Nati 
ation 
concluded, w s Assembly. The present é 
» Was the follow-up from the last—; S€ssion__: 
put some teeth into the Charter of E as'—It Was convene rf 
rs by the United Nations Aeccabiy ca (5, Rights Ptomup 
mong the poor—these D Palas = 
eclar: 
the great Declarations of Rishis 6 he have been likeneg t 
Tom Paine—and the Communist ae on the 18th centy, 2 
tury. What the é nifesto of th y 
: establishments in the ri © 19th oe 
c . ae 
cal of the International Economic Bae is eee noe 
uring 1974, the reaction might have b Is hard to fathom 
words of one of the richer nations’ prance the 
Nations who referred to the aaa — to the Uniteq 
6c ow world oA? 
ee drawback of so many short-lived eee uh 
: i the last, one a repetition of the other sae a 
e..... This year, though th ? : y Unread- 
right commitment, Dr. Kiscinger scene ey see 
on behalf of the richer nations, a wel o the Assembly, 
operative funds, joint insti ee ee 
pica nds, joint institutes and aid initiative. I shall speak 
ese later, but in any case what i “ 
; is needed j 
ins Foreign and Finance Ministeries of i sec a ae 
tries should respond to the demands of the poor on ihe o 
intellectuals and the general public becom 
d trul e aware of these 
and truly comprehend them. 
‘ hice spirit, I shall therefore try to convey to you how a 
ae le natural scientist from a developing country—who is 
ie tie economist, but one who passionately loves the United 
ations and its work—views the global crisis of the disparity 
of the rich and the poor. 
To get behind the psychological thinking of the poorer 
humanity, you must understand how recent in our view this 
disparity—which makes untermenschen of us t 
good to recall that three centuries ago, around the year 1660, 
two of the greatest monuments of modern history were erected, 
one in the west and one in the east; St. Paul’s Cathedral 10 
London and the Taj Mahal in Agra. Between them, the two 
symbolize, perhaps better than words can describe, the on 
parative level of architectural technology, the comparative pie 
gy FS 
of craftsmanship and the comparative jevel of affluence @ 
* ° P y 
sophistication the two cultures had attained at that epor 


history. 


put about the same time there wae 
rime only in the wost-a thir nena SO createg_ 
eater in its eventual import for ince: Ment, a ry ong 
Principia, published in 1687, Neviton This wa Ment stil 
part in the India of the Mughuls, | nae ork ad no one 
fate of the technology which built the ise like to decane 
into contact with the culture ang techn 4) Mahal w Mi © the 
Principia of Newton. ology sym came 

The first impact came in 1757, 5 % 
the building of the Taj Mahal, the superior f ed years after 
small arms had inflicted a humiliating defee: Tepower of Clive’g 
of Shah Jahan. A hundred years later pete the descendants 
of the Mughuls had been forced to relinailish 1857—the Jagt 
Delhi to Queen Victoria. With him there passed the Crown of 
an empire, but also a whole tradition in art, feineee not only 
and learning. By 1857, English had supplante | a 
as the language of Indian state and learning. Siakioe 
and Milton had replaced the love lyrics of Hah, a 
Omar Khayyam in school curricula, the medical Canons of 
Avicenna had been forgotten and the art of muslin making 
in Dacca had been destroyed making way for the cotton 
prints of Lancashire. 

The next hundred years of India’s history were a chronicle 
of a more subtly benevolent exploitation. I shall not speak of 
this, but only of the scientific and technological milieu I was 
brought up in as a young man in British India. The British 
set up something like 31 liberal High Schools and Arts Colleges 
in what is now Pakistan, but for a population then approach- 
ing 40 million people, just one College of Engineering and - 
College of Agriculture. The results of these policies cov 


i i ilizers and 
hay mical revolution of fertilizers 
ee emer ne ne he manufacturing 


Pesticides in agriculture touched us not. T 
Crafts went ia complete oblivion. Even a steel Lee 
to be imported from England. It was in this aa t seoat 
research and teaching in modern physics some : 
Lahore, in the University of the Punjab. dence afte 
Pakistan had then just won its indepen =reaits income 
hundred years of British rule. We then had oe ulation growing 
of $80 a year, a literacy rate of 20 7o: 2 F ume which was 
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breaking down. There was no social securi 
child mortality—only five children suche Was igh 
one year. A child—a male child—was the only ela: be 
for old age one could budget for, making high a Security 
perative. Fate im. 
Pakistan—very willingly—accepted to become part 
free world economic bloc. We were relieved o 
increasing population needing growing of mo 
US surpluses of wheat—under P.L. 480—gratefully ca 
first, in such abundance that one of our Finance Minis e 
spoke of curtailing wheat cropping in Pakistan by law to = 
tobacco instead. We imported highly talented Developmen 
Planners from Harvard University. They told us We did not 
need to put up a steel industry. We could in any case buy any 
amount from Pittsburgh. We leased out our oil imports and 
even the distribution of petroleum products within the country 
to multi-nations who conducted—in that age of oil sur. 
pluses—a half-hearted search for it. 

Pakistan was thus a classic case of a post-colonial economy; 
political tutelage was interchanged for an economic tutelage, 
In the scheme of things, we were to provide cheap commodities 
—principally jute, tea, cotton, raw unprocessed leather. It was 
in 1956 that I remember hearing for the first time of the scandal 
of commodity prices—of a continuous downward trend in the 
prices of what we produced, with violent fluctuations super- 
posed, while industrial prices of goods we imported went 
equally inexorably up as a consequence of the welfare and 
security policies the developed countries had instituted within 
their own societies. All this was called Market Economie 
when we did build up manufacturing industries with ee 
imported machinery—for example, cotton ae ut 
barriers were raised against these imports from us. 
cheaper labour, we were accused of unfair asec aie 

idea of these tariffs—suppose Pakis 

To give you an idea 00 a ton as 

ds, these would attract only $100 i 
ported cotton seeds, t! hed into oil. The © 
tariff. But woe-betide if the seed was crusne he tariff shot UP 
fell into the category of manufactures, ae : 
to $600. We were to be markets for stee satin remote 
fertilizer, for armaments. We must not eee oats rupted 
resembling manufacture. No wonder we ha 
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WOrries of 


of indigenous science and techn 
technological manpower developmen 
nor appreciation, nor any role for jt, 
ed, we bought. It came hedged with a] 
example, no product which used 
exported. a in ey a not all 

akistan, for example, could not buy the 
Sane in 1955. My beothze® Scivae ig : Penicillin 
young chemists from Pakistan re-invented the ee Other 
ducing as a result of their inexperience, Penicillin at 
the world price. In the early 1950's, I looked Upon 
ys contributing to Pakistan’s advance to technolo 
velopment as non-existent. I could help my country in only one 
way—as a good teacher—and that was to produce more physi- 
cists, who for lack of any industry, would in their turn, become 
teachers themselves, or leave the country. 

But soon it became clear to me that even this role—that ofa 
good teacher—would increasingly become impossible for me 
to maintain. In that extreme isolation in Lahore, where no 
physics literature ever penetrated, with no international con- 
tacts whatsoever and with no other physicists around in the 
whole country, I was a total misfit. I knew that all alone, I 
had no hope of changing Pakistan policies, so far as valuing 
science and technology were concerned. There was but one 
recourse, to make a call on the international scientific com- 
munity to help in preserving one’s professional integrity. My 
hope lay with the United Nations Organization and its agencies. 
And thus in 1954 started my involvement with these. 

It is now two decades since I have been engaged in a very 
humble way with science and international affairs. I can se 
this period into two distinct decades—the first decade from 19 : 
to 1964—-the decade of innocence and hope—and a ; ae 
decade 1964 to 1974, of growing frustration and a fee she 
hopelessness of it all. The third decade is beginning for me now. 
Perhaps this decade will bring more pee 

But to go back to my personal story; 
got of playing a minor role in public affairs oe 
the Atoms for Peace Conference held in Salle 
recall that this was the first scientific poi 
the United Nations auspices, the first confere 
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xtended till then to even 


trivi 
ron scattering cross- Poe 


: Cient; 
sections, y ENtific 


oe peeeatoes this conference 
Mean ris a peer to the United Nations, | r ro thi 
fille in eae oly Edifice in New York in June Ces 
ae oe all that the Organizaticn reece He 
Pe a eater See all its hues, Its diversity, brought eae 
Se aa at erment. I did not then realize how we k = 

as, how fragile and how fr ny 


Uustrating in jts ; 
ee but I shall speak of this later. It seemed to = ee 
ah ic eas I may have of helping Pakistan sivas ae 
oping countries physics—must be implemented th: ? 
United Nations action. ae 


was Important, 


The second occasion when I came in contact with the organi 
ation came in 1958, at the Second Atoms for Peace Conca 
This conference was similar to the one in 1955; its major 
achievement was a furthering of the process of disclassification 
of nuclear fusion. For me, the greatest gain was that I had the 
privilege of working as a secretary under one of the greatest 
Swedes in international affairs—Dr. Sigvard Eklund—now 
Director General of the International Atomic Energy Agency. 
From that date, started a most cherished personal friendship 
and one which transformed my life. 

One consequence of the 1958 conference was that the 
Pakistan Government became interested in atomic energy. 
Pakistan has no oil, little gas, some hydro-potential. Pakistan 
needs atomic energy. In 1958, President Ayub Khan assumed 
power; I was recalled to Pakistan and asked to help with the 
creation of an Atomic Energy Commission. 

We decided that in the absence of any other scientific lane 
ation in the country, it was our mandate to create yee 
teams and research institutes in all fields of national ae A 
—agriculture, health, besides an atomll Leese train 
and to fulfil the needs of Pakistan universities, W - chemists, 
in the great institutions of the world, mathematicia™ 


physicists and agriculturists. 
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within our meagre resources. | a 
ie Cm 
the total research ©xpenditure in all yao oause ®1DoWer 
search establishments in Pakista Universities 
dollars—a sum which you in te EVEr exce i alll te. 
of physics in one University. With 4G Spend on one q._Million 
clearly impossible for Pakistan sci Se meagr 
blance of excellence. For endin 5 roe to 
science—the problem I had f. x of Pat; 
3 : aced—we 7 : akistan 
international help. Ould stil] depend on 
For mobilising this help, an opportunit 
I was fortunate to represent Pakist 
: an at the General ¢ 
of the International Atomic Energy Agency ; onference 
suggested at this conference that the iad 2) Vienna. I 
community represented through the scientific ae scientific 
United Nations organization should accept as one Gf is As 
eee é : : eS: 
ponsibilities the caring for its deprived members—that there 
should be set up a network of first-rate international centres— 
HE VAtIOUS” pure. and applied disciplines of science and techno- 
logy which should offer their facilities principally to short-erm 
senior visitors from developing countries. I envisaged a system 
of associateships available at these centres—through which top 
scholars from developing countries would be given long-term— 
five years—appointments enabling them to spend three months 
of their summer vacation working together with their th 
from developed countries at these centres, acne Re 
batteries and taking back with them newer ideas, newer tec 
i i id end the isolation which, for 
ques, newer impetus. This woule en sy, was the princi 
example, I had suffered and which, in ae +o the brait 
pal cause of brain-drain of scientists—!9 
drain of doctors or engineers. 
. ‘el scientific and 
In 1961, the values of high level scie ; in Pakistan. 


ae t home to U st 
co rikingly brough of the mo- 
ntacts were rather striking he 19th century one =e 


Pakistan had inherited from tn nals—some 10.00 Ty 

extensive networks of irrigation © Some 0 these ic 
a ° . n° res rs) an . carefully 

long—irrigating 23 million a¢ ere 
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But in 196 
1 somethi 
system. ing had gone eri 
slowly began tc Tew decades of operation 
by spreadi O stifle the very fertility ; 
ing the bli ility it w 
through which Fo eht of water-logging and Meant to crew 
weTe passing o canals passed. One milli Salinity in are 
g out of cultivation every year d 10N acres of ls as 
urin h 


In 1961, P 
» Professor J. Wie 8 1950 
bd . S . t 
Advisor, assembled a team ofan, President Kenne dy’s Sc 
ence 


agriculturist : niversity scienti 
this problem ane engineers, led by Roger Revelle reels 
ater-logging and salinity. This team advise on 
SUg gested 


continuous pumpi 
ping out o i 
table, but with the importen Saline water to lower the Wat 
tion must be simultaneo nt caveat that the pumping . 
a million actes._-otherwice over a contiguous atea as large a 
from th ae se the quantity of water ov as 
e periphery would exceed th we seeping in 
Pumping had been tried on | © quantities pumped out, 
million acres, but proved ne s of land smaller than one 
that Blackett during the last war was called of You may reel 
the British Admiral Upon to suggest to 
ty whether m i 
Atlantic in a few large convoys oe any small should cross the 
& all ones—given that 
the number of available destroyers protecting against enemy 
ry marines was fixed. Noting that ratio of area to circum- 
ewe maximizes with large radius, Blackett had suggested 
owel large convoys rather than many small ones. Revelle’s 
team’s suggestion for Pakistan was a remark equally simple 
and it equally simply worked. 

My next involvement with the United Nations system — and 
also the first disenchantment with the establishments represent: 
ing their countries at this forum — came in 1962 when Dag 
Hammerskald projected a United Nations Conference to be 
held the following year, on Science and Technology. He 
had the vision of transforming the developing world - 
through technological projects like the one I have just - 
tioned. I had the rivilege of a long interview with Dag ~ 

p g 

. . i mystical reverone 
only time I met him — and to share his semi-my nina 
for what science and technology — if applied mea 
__ could achieve for the poor. He recognize if eleva" 
this needed first and foremost investment, onan e leaders 
technology Was available. Much more even tha mp 

: he reco nized that it was 

of the developing world, he recog 


usly Wrong with 
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if technologi 
gical 
should take in the 
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countries for research and devela” Capacity in 

at the very least, to achieve an pment. This y 
development of world science ant ateness of the « Neede 
which would enable a country t technology, an enificane 
purchase and ensure the effective select and negotian 
which its economic and _ gocia| assimilation of technole” 
recognized that it is not just know tes required fs 
ing countries need; it is also the kn OW which the develon. 
development was to be a graft ow-why, P 
poorer world. which 

The conference proposed b ns 
unfortunately after his tragic deat was held in 1963, 
countries, proposed the creation of a Wet the developing 
Technology Agency — a Technical Devel ver ate and 
backed by an interantional bank for techolen puthority, 
ment. Besides strengthening indigenous science in devi 
countries, the Authority would have acted as a slanning rnd 
eprint ah el yo at a 
a United Nations organiz tion Heir implementation. Being 
work and give maturit to local wei seat owen 

and ity to local scientific and technological 
organizations and talent, giving them training and intimate 
knowledge of the complex new techniques. Its very existence 
would have emphasized what the planning economist so often 
forgets —- that the modern world and its problems are a 
creation of modern science and technology. 

We proposed this; we lobbied for this, but we met with a 
complete blank wall of incomprehension — OF worse — from 
the delegates from the industrialized countries — who, by and 
large, opposed the idea of any such Science and Technology 
Agency, It seemed that they preferred the scientific ane 
technological effort of the United Nations to remain desire 
and fragmented within the system. red no id 
on their part to share technology with loping W° 

operating 
except through the existing system ° 
in the manner I have described earlie 
Pakistan and the story of penici 
legacy of this conference was the ano 
Advisory Committee on Science and Tec 
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for eleven years — 


twice a year — 
ak after eleve 
ave recommended yet another United Nace labou, 
S > 


on Sci 

se ae and Technology to be held in 197g + “Onferenc, 
2 ate the same Science and Technology p 1S tO mee 
a gency we proposed fifteen years apo. Thic gv oPment 
ikely to get this becaus 's time we ate 


e Dr. Kissin 
Conference his blessing Ber gave the Proposeg 


three weeks ago, 
I was meeting the same i 

mcomprehension in te 

second suggestion at the forum of the JAFA ena — 

idea of the creation of a Theoretical Physics Centre pate ; = 

from some of the countries where theoretical ph see 


: Sics i 
flourishes. One delegate went as far as to say: “Theoret 
: a 


physics is the Rolls-Royce of sciences — what the develon; 
countriés want is nothing more than bullock-carts.”. a 
him a community of 25 physicists and 15 mathematicians 
all told, trained at a high level for a country like Pakistan 
with a population of 60 million, was simply 40 men wasted. 
That these were the men responsible for all norms and all 
standards in the entire spectrum of Pakistan’s education in 
physics and mathematics was totally irrelevant. He was 
himself an economist, who had wandered into a scientific 
organization like the IAEA. He could fully understand that 
we needed more high level economists, but physicists and 
mathematicians — that was wasteful luxury. 


For the first time, it also began to be borne in upon Mm, 
how weak the United Nations system really was in terms of 
resources. Even to day, 12 years later, the United Nations 
family has miniscule resources. Let me give you the figures. 
(Fig. Table 1) | 7 

The total of the funds within the United Nations see : 
development do not add up to the funds available, are eat 
to the Ford Foundation — and this for service © ations a 
of whom 82 are desperately poor. The Unite 


created as a community of equal nations ee necaus? 
| than others. It was financia y it WS 
more equa Pe een 


the rich nations would not contribute : pee ed 
functionally weak because the powerful n gree ‘secisio™ 
resolutions only when they were extension 

of their own foreign policies. 


jn 1964 ist IAEA did agree 

oard voted us a sum of $55,909 
aes Fortunately, the Cie a a Its 
with an annual grant of $350,000 ang rs Italy ¢ Onal 
in Trieste. © Centr 

To complete the story of the Centre t 
1964. It is now co-sponsored by IAEA Started Operating in 
gether with UNDP, who both Contribut and NESCo, ne 
dollars each; plus the Italian Ce around a 4 million 

: ent with 
$350,000 and SIDA with a grant of $100.0 2 grant of 
11 years of its existence so far, it i Mee During the 
senior physicists from 90 countries — 4 Ny some 6,000 
65 developing countries. It has truly eins of them from 
revolution so far as the studies of physics Something of a 
so far as the developing world is concerned re concerned, 
it has tended more and more to emphasize technolo the years 
in physics. In this, we have particularly been eae 
Solid State Committee headed by Professor J. pees 
Bristol and Professor S. Lundqvist of Chalmers in Gothenburg. 
Two weeks ago, we inaugurated the first ever extended-three- 
month Course on the Physics of Oceans and Atmosphere, 
attended by some 60 senior physicists, meteorologists and 
ocean-scientists from some 30 developing countries. The 
Centre, however, still remains a singularity — the one isolated 
Centre within the United Nations family of its kind in the 
entire spectrum of advanced scientific knowledge. 

After 1963, the disillusionment with the existing interna- 
tional order came fast. You know the history of this decade 
as well as I do. President Kennedy with whom, rightly or 
wrongly, the liberal aspirations — also about world develop- 
ment — got linked, was assassinated. 

Around 1968, was the beginning of th 
the realization that the environment was oe 
felt then and still feel — and this is why cas a 
you today — that the developing world lost a ee of 
lost a great potential alliance, a great Luana concen 
Strength when the protesting energy of WAL aol espouse 
trated on the one issue of environment . of world develop” 
e the same time the more embracing cause 

ent, 


to the Physics Cc 


€ Was Set Up 


e student revolt and 
being wrecked. I 
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In between these years came the repeated failure of 
conferences convened to propose a redress for rela 
falling commodity prices. It is good to be 
that the price of petroleum fell decisively between 1959 ay 
1970 — down to one dollar a barrel stimulatin and 

, 8 4 growth in 
energy use of between 6% to 11%. The TecCeption 
UNCTAD’s proposals — its fervent appeals for some stabil 
and indexation of commodity prices — were received with 
derisory scorn, typified even today by the influential London 
Economist writing in its issue of 30 August this Year On the 
eve of the United Nations Conference: “The notion that the 
price of each commodity can be tied, not to the demand fo, 
it, but to the average rise in the price of manufactured 00ds, 
is a proposal to try to repeal, by some conference fiat, the 
Laws of Supply and Demand. The industrial countries Should 
simply refuse any concessions to this proposal.” And this 
in a year which saw the index of manufactures’ prices 20 up to 
140, while commodity price index hovered around 114. Thus, 
in this one year alone, the poor have subsidised the welfare 
economies of the rich to the extent of 26% of their earnings, 

In 1972 came the great Conference on Environment in 
Stockholm. It was significant not just for pinpointing that 
environment was being wrecked and that some countries were 
contributing more than their fair share towards wrecking 
it. Even more important, it thrust into prominence the inter- 
dependence of the human community in solving the issues 
aised. a: 

‘ In 1972 came also the Club of Rome report on Outer ane 
to Growth — with the thesis that world resources a ved 
and simply could not sustain infinite growth of nas ta 
economies. It is not well known that the poor 41972 —il 
received a sharp reminder of this — as early as mic- of wheat. 
the form of a precipitous doubling of the ee aU 
This had happened because the failure of the cr aust g 
made them buy 30 million tons of rie F the * ontributor! 
the world grain reserves. This was one © sees: followed bY 
causes of the three-fold increases In oil i wis whe wanil 
yet another doubling of grain prices. Ad rammes — ne 
of the resource transfers of foreign aid prog ntries — and ¥° 
colllective commitment of the western cou 


UNcr 
tively 


. er. 
Teminded to 


ae 1$3 
q understand the origins of the short-term 


qnancial bankrupcy of poor humanity — with — ~ 
y lecture. ich | Starte 
To complete the story of foreign aid, the 17 5; 
allocated 03% of their GNP's to overseas peaks Nations 
year, compared with *52% in 1960. While Swedes mem last 
earmarked ‘72%, UK and USA provided 30° a qenetously 
ively. The World Bank estimates that by 1980 foo Tes. 
of the 17 countries will be .28% and of US 18% © average 
this with the US contribution at the beginning eae eile 
plans of 2.79% of GNP. Ministries in rich countries iii 
dismiss aS unrealistic the United Nations target of ae 
o/ j H : ing 
7% of their GNP to aid. Yet this target could probabl 
be reached in the second half of this decade if they Peay 
devoted 2% of the increased wealth — the $1,000 per Soi 
growth I spoke of before — which is expected to accrue to the 
industrialized nations in the next few years. At the United 
Nations Conference just concluded, EEC ministers did 
announce their readiness to try to meet the .7° target in 1980, 
though unfortunately, UK and USA expressed reservations. 
Realizing these stark facts, and realizing that the developed 
world was unlikely to produce a Messiah — or even a Keynes 
— who would preach social justice between nation and nation, 
the developing countries decided in 1974 to use the forum of 
the United Nations for calling for New International Economic 
Order. 


The New International Economic Order 


What is the International Economic Order? aaa 
Declaration, perhaps somewhat more radical Sy ae 
Nations Resolution, starts with the aisle reluctance 
countries — by and large — have shown Laceaeoet of their 
to initiate and support change. Having a. of developing 
Wealth from cheap resources and raw hegre markets ¢0 
Countries, they still refuse to give access fe the invitability 
the Third World. They refuse to art atterns of con 
of modifying their life styles, and scale an PT Gis ropor- 
‘Umption, the maintenance of W 


ires a 
hich a the powe! 
tlonate share of world resources. They "@ 
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ae eae ae {0 Pursue policig 
Orld’s oceans S shape 
squandering a vast fraction of mankind’s : 
scientific manpower as well as materials in in 
weapons of mass destruction.”. The documen Pung of 
on to say: “The struggle of the Third Worlg is : 
Liberation, greater equality of opportunity an 
right to sit around the bargaining tables as 
redistribution of future growth op duals with 4 
: portunities, In th 

analysis, we must look on the demand for the Ne © las 
national Order as a part of a historical process Ah Inter. 
to be achieved over time.” eveMen, 

The United Nations Resolution on the New Order is perh 
somewhat more muted; it starts with a call for 4 commits 
from makind for the banishment of poverty and Prevailing 
disparities; it calls for a just and equitable relationship between 
prices of raw materials and manufactured goods: it calls 
for access to the achievements of modern science and tech. 
nology; it calls for an end to wasteful consumption — parti. 
cularly in respect of food and expenditure on armaments. 

In order to see how the ideals expressed in the United Nations 
Resolutions are carried out into realities, it is perhaps worth- 
while to consider food and military expenditures in somewhat 
greater detail. 


Food 


In November 1974, the United Nations convened a Con- 
ference in Rome on Food. This Conference adopted the follow- 
ing declaration: “Within a decade no child will go to 
hungry and no family will fear for its next day’s bread anc 
no human being’s future will be stunted by eee 
To achieve this target, a World Food Council was a E 
with the minimum target of distributing 10 a BY i. 
grain a year as food aid, and achieving average nots 
reases per year in food production by poor countrl ; 
an international provision of agricultural See worl 

On 29 June 1975, the London Times reported: 
Food Council ended its inaugural meeting here 
2.00 a.m. yesterday. It was saved from being a0 
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and a failure only by some quick face saving 
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i © far ref 
ae from 1.3 we to 
r Y attacked in N tons 
O increase its Me, not 


diplo S 
endorse an increase in EEC’s fooq 


to 1.6 million tons. This was bitte 
the least by UK which threatened t 
ow 


‘q if the insensitivity of its par n bil 
ee to 10 million tons — a ee T oe 
aid levels of 1960 — has still not been req Pie Short of foog 

Is there a real absolute overall shortage oe ie . 
which makes the contribution of this 10 mj te in 
sible — and with this the inevitability of * ont 
countries? The answer is No. atvatt 

It should be emphasized again and a 

hysically available. It is simply being cons 
able Since 1965, the richer nations ie inne ta 
per head to their annual diets, largely in the form of beef a 
poultry. This was stimulated by a special Pricing policy at a 
time when US surpluses of food grains were running in 
excess of world demand by some 60 million tons a year, in 
spite of a curtailment in area cropped, by one half. This is 
very nearly the equivalent of an Indian’s total diet for a whole 
year. Few will maintain that the industrialized countries 
were under-nourished in 1965. A cut in consumption, for 
example the suggested equivalent of one hamburger a week, 
could provide all the grain needed to support a population as 
large as one third of the Indian sub-continent. 

Let us next consider the question of armaments; and arms 
reduction. In 1973 the world military expenditure came to 
245 billion dollars. This sum is 163 times greater than that 
spent on international co-operation for peace and ees 
ment through the United Nations system; (this ar a 
at approximately 1.5 billion, excluding the hh 2 ane 
The super powers spent 50% of these 245 billion 4 ea see 
another 30°/ was spent by military alliances. fi nciwern 
the Third World also, unfortunately, cen saiirely 
1955 to 1975 from 6% to 17% — and sees now greater 
blameless. The world military expenditures nen During 
than the GNP of all of Africa and all of Se iltery expendi- 
the two decades, 1960’s and 1970’s the paar all goods an 
lure was $4,000 billion, which is greater 
Services produced by all mankind in 0 


the World, 
ON in poor 


gain that the grain is 


ne year. 
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When we consid i : . 
the situation soe ba A with materials 4 
grimmer. Close to 7% of all ne Ci enditures a ee 
tri€s are consumed by th erials In the licher aa 

ane : : y the armament industry Tt Coun. 
oil, iron, tin, zinc, Copper and bauxit ee This INcluq 
about 50 million people are eiiploved ee IS estimated that 
in armed forces and defence activities ae puta Urposes 
Scientists and engineers, almost half of she. be half 4 Million 
and technological manpower, is devoted to ae ® SSlentifc 
and development, costing between $20 to $55 bine research 
sums represent 40% of all public and private ae Wigs 
development expenditure mankind appropriates en and 
this with the half million dollars we have been oe 
five years of continuous effort, to collect for th a < 
: : : ’ e Internatio 
Foundation for Science whose first General Assemb! . 
taking place in Stockhom today. The situation is ah x 
it is not the poor countries who jeopardize the global balan 
it is the rich and their rivalries and their desire to hold a 
poly military power. 

To summarize, the demand for a New International Order 
is a demand of a basic minimum standard of living and of 
economic security for all citizens; a deliberate policy of develop- 
ment and redistribution to achieve this. Just as on a national 
scale the achievement of the social and economic goals is left 
not entirely to individual effort and initiative but is prompted 
actively by the combined efforts of the entire community, so 
also on an international level the aspirations of the nations 
of the world in the social and economic sphere should be 
made easier to achieve by a concentrated effort of the world 
community as a whole — by the Family of Man, acting 25° 


whole. oe 
What the developing countries really want ona psycho 
and self respect whic 


lane is to regain their sense of dignity 
fey enjoyed i long centuries and which they lost Saree 
the brief period of western domination; a domination oi 
essentially on an industrial and techological Sei re 
is hardly two centuries old. The fact that cov 


: uccess” 
country in all parts of the world has successively on 2 ee 
fully mastered technology is also not ov y 


erlooked | sre askitd 
are still left behind. What the developing countries 
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under-utilised areas of this globe. rhe OPEN 
transfer of income, wealth and ee vi 
level. It is rather a meaningfuy a ANY exorp 
equitable trade they are Teally afte 8 of technolo itant 
Perhaps the time has come ee RY and 
transfers with some international ae Plement; 
international commons, taxed for the ae Of reven 
strata of poor countries. This woulg nefit of ¢ 
the establishment of an international taxati 
international treasury aimed at Providing He System and an 
of resources for development assistance. ae transfers 
suggestion being voiced by Linus Pauling at ieee this 
Symposium on the Place of Value in a World of Fact oe 
Stockhom in 1969 and the somewhat cool se Reagts eld in 
received. It appeared too radical at that time. aut 8 Hs 
its time has come; perhaps one may start with an internation 
commons provided by resources of world oceans, the one 
resource not yet finally carved out among nation states. 


Oceans 


The 138 Nation Law of the Sea Conference held in Caracas, 
Venezuela in 1974 has negotiated at its last session in Geneva 
a single informal negotiating text which fortunately is still 
subject to amendment. The comprehensive treaty envisaged 
for 1975 has been called the most vital document the United 
Nations will produce, since 1945. The treaty envisages extension 
of territorial waters from 3 to 12 nautical miles, an exclusive 
economic zone under coastal state jurisdiction rien 
to 200 miles, plus 200 metres depth whichever - sce — 
if finally approved, would be an unmitigated (is ane 
though some developing countries will bene . etroleum: 
sea bed contains perhaps 1,500 billion eee from the 
at present some 15% of the world’s oil and eee of future 
oceans, but they contain perhaps the m oe rotein fish are 
oil potential. Some 18 billion dollars of hig : of easy dredg- 
Caught annually and then there 1s 00 million 
ing from the North Pacific deep ocea 
tons of cooper, manganese, nickel an ith 10 million 
year. Compare this 400 million tons " 


the possibilit 
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minerals consumed annu 


these nodules at the ocean bed is that they 
themselves all the time—either because they 
terials like coral or because some obscure pro 
is at work at the sea bed. 

The effect of the proposed treaty will be to place 62% of the 
sea bed oil under the jurisdiction of 10 of the Most fortunate 
coastal states—most of which have per Capita incomes already 
exceeding $1,000—while 51 countries with little or no Conti- 
nental shelf will get only 1%. lam no legal expert, but to an 
internationalist it is clear that what Is truly needed is the rep. 
lacement of the outmoded concept of national Sovereignty by 
a concept of “functional sovereignty” which Permits the 
inter-weaving of national and international jurisdiction within 
the same territorial space. At present, the only agreement 
which has been reached envisages that there Will be an 
International Sea Bed Resources Authority which will Provide 
environmental protection over deep sea mining and that it 

ight be allocated revenues collected directly from production 
nue : ding the more immediate 
of deep sea minerals. However, regarding the if royalt 

il, there is still a discussion going on, if royalty 

resource, oll, ; led through an inter- 
revenues from sea bed oil may eg pe ae pan 

‘ imarily for 

na een a st cat ‘ °% of sea bed oil revenue. 
Canada has suggested collectio small percentage of revenue 
The US Government suggests a t there is no foreceful 
. d 200 miles limit. Bu oe hese 

from oil beyon pase ortioning of thes 

. ‘ for a significant reapp : ons 
voice, yet, calling fo : international comm 

Ww windfalls such that a meaningful inte 
ne ; 

: ment. antial 
is paid—for global EVE ust be reversed. Substan al 

This trend of thinking m id go to the internationy 

il cou : sutt 
revenues from sea bed oil f these could provide ne 
: Twenty percent 0 has 6-12 billt 

community. tries of up to as much % Oo ources 
for developing coun International Sea Bed titutions. 

llars a y del for ure 
do become a mo jobal reso 
Authority could Dee |. disarmament or 8'0 
dealing with arms control, 


ly 

nd the of 

Geneva 1975 may be oan “common 
e 


ally now. The Exciting thi b 
out 


ng al 
are Organic ; 
Cess of lOnization 


t 0 

ment. concep just 40 
manage ‘+y of ensuring that the d remains—not J 
saan mankind” becomes an 

heritage 0 


empty concept. 


I should Perhaps conclude tel 

pened at the United Nations Co ene YOu What a 

been achieved? Dr, Henry Kiss nference, w ; actually 
nfrontatj “Singer, aj; Is j 

od vat i olan more virulent, m alive to th, ane 

eo Bee the Tecognition that . destructive tha 

on the demands from the poor: « if there w to Na 

century. ..the division of the nla. Over action 


the r . 
1 eMainde ; 
could become as grim as the “aectween no T of this 
est qd 


undermining of cooperation 
institutions—and failed development.” 
. Dr. Kissinger and the US have 
institutions to meet the needs of ¢ 
ment. Two of these are: 

aq)yA “Development Security Facility” to stabilise prices of 
commodities against crude cycles of export earnings though 
“indexing”? was decisively ruled out: 

(2) Measures to improve access to capital technology and 
managerial skills—and in particular an International Energy 
Institute, an International Centre for Exchange of Technologi- 
cal Information and an International Industrialization Institute. 

At long last the physicists we have trained at Trieste will find 
a rightful role in the development of their countries, though | 
do hope these new Centres do not suffer the frustrations " " 
11 years of running a United Nations institute nave ke ne's 
to fear. In dealing with the United Nation oatment of a na- 
frustration that the promises wate db the other depart: 
tional government makes go unneece , 


ments of the same Government; tab 
donor country wishes to oes - Trieste is concerned, - 
Nations Centre is achieving. 50 fr eporting on the Centre 
year there have been five commissions t , s 
ear Ces g are 
there will be two men before ote ited Nations fund 
int is tna 4 
every year. The point is tar nis an orp ved Nations 
extremely limited, the organiaaive rough the vt 
jnitiatl ie 
needed to keep any inva! results a¢ 
is often out of all proportion tot - reg 
he Conferener these new 
To come back to t rst 


‘ ce ra 
new commitment of resour 


Promised a multiplicity of 
O-Operative world develop. 


160 


will presumably divide the old cake differently: their 
multiplicity will unfortunately not make any realization Pet 
ideals of world development any easier. the 

I come back to you—my audience—you are our only hope t 
realize the ideals I spoke of into realities in a meaning 
manner. For make no mistake, for world development Much 
sacrifice will be called for and will have to be made. But1 am, 
believer in man’s moral state and I shall conclude with the 
words of a mystic who expressed the international ideal of 
Family of Man in the 17th century, John Donne: “No man 
is an island, entire of itself; every man Is a piece of the conti. 
nent, a part of the main; ifa clod be washed away by the sea, 
Europe is the less, as well as if a promontory were, as well as if 
a manner of thy friends or of thine own were; any man ; = 
diminishes me, because I am involved in erate an : ee 
fore never send to know for whom the bell tolls; it tolls 
thee.” 
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TABLE | 
1975 1976 
UN 540 620 
UNEP 6 ; 
UNIDO 31 Pe 
JAEA 32 37 
WHO 115 125 
UNESCO 255 (including — 
100 from UNDP) 
ILO 94 135 
FAO 117 (unavailable) 
ICAO 2 13 
IMCO (unavailable) 11 
TABLE I 
s—1973 


Table of Grain Surpluses and cata 
(in million tons of grains) 


+91 
North America ie 
Latin America — 

i 43 
Asia 
Africa —_— 

9] 


West Europe 
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9, Salam’s Paper on “Renaissance Of Sciences ; 
Islamic Lands”, dated March 1981. m Arab ang 


RENAISSANCE OF SCIENCES IN ARAB 
ISLAMIC LANDS =D 

Contribution prepared for the United 

Symposium on Scientific Creativi 


Nations University 
tries (Kuwait, March 1981). 


ty in Arab and Islamic ogy 
ne 


I solemnly declare that there is no god except Allah. 


I (also) solemnly declare that Muhammad is His slave and His Messeng 
Ssenger, 
In the name of God, Most Gracious, Most Merciful, 


I deeply appreciate the honour done to me by asking me to 
speak at this Symposium. Although what I have to say applies 
to many developing countries, including my own, I can say it 
with intense feeling here, and without fear of being misunder. 

8 . . . (: 
Stood. This is because I can claim with you in Kuwait the kin. 
ship of Islam, which transcends all other kinships. For this] 
invoke Blessings of Allah on His Prophet. . 

The major theme of-my remarks today is Pure Science. | 
have come to plead with you for giving the highest priority 
to the creation of knowledge within a scientific eaalaine 
of Arab and Islamic nations, and to outline the steps nee 
if we are to take up our rightful self-respecting place gi 

ions in thi d. But before I speak on this 
the comity of nations in this regar i eee 
I shall take a few minutes to mention ae De etihe fe 
. . ; i ose 
ments ie pat saan i forces, with which I 
fundamental forms of Energy, and natura 
have been associated. 


Unification of Fundamental Forces 


6 : at th 
Until two decades ago, physicists believed th 


four fundamental forms of 

the electromagnetic ais 
-called weak a 

energy, the so-cal 

place that all these forms of aie ee 

convert: the gravitational, for examp'» 


and the two forms 


i om 

1 ry '° 
nd the strong. pa ade to inte! 
can 


the electric 77 
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tricity is 4 manifestation Of this. 
elec 


: Xe . € Str 
rey produced in the sun’s interior, ¢ Vetting into te i 
ae netic energy of heat of the Sun’s rays Ge naa 
Eigse and I suggested that there Were j ago 
my 


weak nuclear form 2 mnerey 

aa the electromagnetic. This w e Of inte, 
vl ersion of one form of energy into the Other; ; 
conv In our view, there should be No basic distinction bet- 
aa and nuclear forces. We said ¢ Cy were simply 
oa We suggested that under suitable Conditions in the 
Saas this identity, normally hidden, Could be made 
a 
a ee indication of the theory’s correctne 

The reat European Nuclear Research Laboratory at 
when the g found experimental evidence of neutral 
Geneva (CERN) if sential part of the predictions of the 
currents which are an ess dence was provided in 1978 by the 
theory. The clinching evi in the United States which, in an 
Stanford Linear pees second aspect—its heart, as it 
epic experiment, confirme f the electromagnetic force with 
were—of the unification o t in four thousand as predicted. 
the weak nuclear to one par k by a group led by Professor 
An experiment at Novosibirs ef shece aad #0. clher ie 
Barkov further confirmed eee the United States arn 
laboratories situated ae eect for hee weak 
ee ee dh ees 
series of pe ace basically the sam 
nuclear Oe ed form of energy ( 
ean task is to test if the aa comer with some 

ere this unity. ted 

eee cereal » started i 
leagues, is ae hese experiments hav ositive, in ab 
test the idea. T 3 f the results are  jemonstrate 
Europe and India. I shall have lear— 
years, with Allah’s grace, a the week m together 
nuclear force—and not is binds an atom the gf 
‘ ‘oc force which : 1 of uniting a e 
with the electric a the final goa tro-nucle the fore 

Then will remain the ognized ele nd tha on in 
force with the newly sigs will © keeps the ™° 
€pitome of this (unity) Af ‘ or which 
Which makes an apple fa 


Cations that 
was basically sim y identicgy 
4S not just ma 


SS Came in 1973, 


col- 


out three 
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orbit—the force of gravity—is an aspect of 
which the electric force or the nuclear fo 
sounds incredible today, but it is our faith th oi 
be true. A precise formulation and the co fen 
idea—first suggested by Einstei ke 
achieve. Let me hope and pray 
Problem is resolved by a youn 
lands of Islam. 


The fact that we have been seeking for a unit 
seemingly disparate forces of nature, is part of ‘our fait mr 
physicists and of mine as a Muslim. And to be thus “ive . 
to comprehend a part of Allah’s design is a grace an mt Bed 
lege for which I render humble thanks to Allah. “Pie 


Al-Hadid 
21 — Race one with another forgiveness from your Lord and a Garde; 
whereof the breadth is as the breadth of the Heaven andthe earth 
which is in store for those who believe in Allah and His messengers, 
Such is the bounty of Allah, which He bestoweth upon whom He 
will, and Allah is of infinite bounty. 


he same Unity 
0 


y 
Part, Th; 
this must as 

ay take 59 Years : 
that this final Challen ‘ 


8 future physicist from the 


Al-Jumuah: 
4 — Such is the Bounty of God which He bestows on whom He will 
and God is the Lord of the highest bounty. 


On the occasion of the Prize ceremony in December 1979, | 
was asked to reply on behalf of the Physics Prize Winners to 
the Banquet address of His Majesty the King of Sweden in 
the great and glittering Banqueting Hall of Stockholm. With 
your indulgence, I shall read out part of what I said, for it bears 
on this faith in the ultimate unity and symmetry of Nae 

“The creation of physics is the shared heritage of all mans He 
East and West, North and South have equally participa 
it. In the Holy Book of Islam, Allah says: 


Al-Mulk: Thou (Muhammad) 
i ny. ain: 
created seven heavens 10 harmony. then look ag 
a wnt ae ho fault in the Beneficent Ones creation; th 
Canst thou see any rifts? ato the 


i i itl return U 
4 — Then look again and yet again, thy sight will 


weakened and made dim. 


‘n the creation of 
hy gaze, seest t 


‘ey] any 
the All-Mercift 


imperfection. Return t 


return thy gaze, agai 
, n 
thee dazzled, aweary,’ = again, Thy 165 
This, in effect, is ce 
> ’ the fai 
fires and sustains us; vee of all Physic; 
wonder excited, the more is 7 eT we 
Jam saying this, not only to rem; 
put se a those in the Thitd we i 
n i ‘ 
out i the pursuit of scientific , orld 
tunity and resource.” Nowledge, for | 
‘ » Tor la 


€ dazzieme t 


se a 
, se ee tonight of thi 

“el they have ig 

$ 


ck of Oppor- 


Science the Shared Heritage of Mank; 
Ind 


To emphasize that sci . 
fica and tat he toe is the Shared heritage of 
tory of all civilization, has Scientific discovery, like th i 
Nobel lecture a hi » has gone through cycles, Ir vas 

: istorical episode, wh ecalled in my 
and sixty years ago, a young ee €n, Some seven hundred 
travel south to Toledo in Spain ae left his native glens to 
to live and work at the ea eee Michael, his goal 
Cordova. Michael reached T be i al aaa 
Toledo, Michael formed the ambitious ge rie 
Arigiotle to: Latin Burope, winslatin ae of introducing 
Greek, which he knew ot but fi a coense ee ae | 
sich Wee ake not, ut from the Arabic translation 
Soininns _ taught in Spain. From Toledo, Michael 
Gon icily, to the Court of Emperor Frederick Il. 
visiting the medical school at Salerno, chartered by Frederick 
in 1231, Michael met the Danish physician, Hendrik 
Harpestraeng — later to become Court Physician of King Eric 
IV Waldemarsson. Hendrick the Dane had come to Salerno 
to compose his treatise—preserved in seven volumes at the 
National Library in Stockholm—on blood-letting and surgery. 
Hendrik’s sources were the medica} canons of the great i 
cians of Islam, Al-Razi and Avicenna, which only Micha 
Scot could translate for him. 

The Schools of Toledo an 
creation of Sciences in the West. ® | i t 
was lighted from a candle already burning brightly 
of Islam. a perhaps } oa" 

In respect of this cycle of scientific nares Fmentl five- 
be more quantitative. Georee Sarton, ' 


beginning of 
d Salerno mark 4 a candle 


Tsan i 
oe Ching and then from 750 A.D. to 1] 
ry uously—it Is an unbroken sticcessio 
ibaa abe ga Razi, Masudi, Wafa, Biruni 
Beet og es aon Khayam—Arabs, Turks Af, 
era et elonging to the culture and the Ga 
aa: races ‘ er 1100 A.D., in George Sarton’s 5; tee 
i ats cae e first Western names; Gerard of Cr He 
n—but the honours are still shared for ae 
0 


After 13 . 
‘ie as Pa nBed sara recta br out except for 
the Court of Ul S ific brilliance, like that at 

of Ulugh Beg—the grandson of Emir Timur—in 
Samarkand in 1437 A.D., with Emir Ulugh Beg himself partici- 
pating equally with his astronomers in scientific debate and 
sharing in the excitement of discovery. And finally there is the 
compilation of Zijj Muhammad Shahi at the Court of the 
Moghul Emperor of Delhi in 1720, which corrected the best 
European tables of that day by as much as 6’ of arc. But these 
contributions notwithstanding, the main scientific tradition 
was no longer alive and vigorous; long, long before it had 
turned inwards and ossified. 

And this brings us to this century 
Michael the Scot turns full circle, an 
and Arab woild who turn Westwards for s 


creation 


when the cycle begun by 
d it is we in the Islamic 
timuli in scientific 


Eleven hundred years ago Al-Kindi wrote: 
d to acknowledge trut 


for us not to be ashame 
late it from whatever source it comes to Us. 


truth there is no 


thing of higher value th Kind 


scales the : 

itself; it never cheapens nor abases tae who S- ow call 
‘oht— i wherever it is iscovered. 

was right—truth is truth Allah has giveD all of ¥S 


I convey to you the very human urge 


to be among those Privilege 


rayer He has tau i 
: Let me recall ‘ght us to Tecite- SCOVer of 167 
Just one h . ts des: 
the story ot Hans Beth “Man mom 8M, of th 
1967. The day he i Nobel et Of scien 
the secret of the Sie the carbon Cate in aie 
which he w ener Cycle whi Sis fi 
whic aS awarded the Prine Producti af hic explain, 
ing in a desert location in N. Bethe and hig 2 and - 
ew . wif Ww T 


desert night Rose Bethe reg 
bright the starts in the firmam 
€nt were 


you realize, just now you 
are sta . € he Te i o 
who knows why they shine at ge Pent 10 the ai : 
ae uman 


XICoO, 
alls remarking 6 


The Decline of Science in Islam 


But why did we in Islami 
for certain. There were sadesa bee oe No one knows 
tion caused by the Mongols, but iar ve the devasta 
was perhaps more in the nature of a ee ak 
Sixty years after Ghengiz, his grandson Halagu. oe 
an observatory at Maragha. In my humble ey ie 
living science within the Islamic Commonwealth was more due 
to internal causes. I shall not analyze these here today. 
But to illustrate the apathy that had come over us I shall 
quote from Ibn-i-Khaldun, one of the greatest social historians 
and the brightest intellects of all times, who wrote one hundred 
and seventy years after the journeys which Michael the Sto! 
and Hendrik the Dane had undertaken to acquire knowledge 
from the World of Islam. Ibn-Khaldun writes in his M yqaddima : 


. , nd 
“We have heard, of late, that in the land pees al 
on the northern shores of the Mediterranean, are said to be 


cultivation of philosophical sciences. he erous classes: 
studied there again and to be pe mee 

Existing systematic expositions ses hem numerous 2 
prehensive, the people W wht knows bette’, t ae 
students of them very many. . ae of phys! 7 ef 
there, but it is cleat that ai bed affair’. e, We 

; io no 
importance for us in OU! bag n display” ostility: ™ 
leave them alone.” 1bn-r ost on 

no wistfulness, just apt ys 
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oe = isolation. The tradition of Al- 
a pas rom wherever it could be obtained, Was f 
1m world of science sought no contacts wi °F8otten. 
Where sciences had now begun to be created ‘es ye 
before Muslims had avidly sought knowledge a Centuries 
Hellenic and Nestorian colonies ot scholars a ' from the 
and Harran, where translations were made from Gea shapur 
Syrian. Then they had founded in Baghdad i and 
elsewhere international institutes of advanced stud ey a 
Hikmas— and international observatories—the Shomrt 
Congregating at these international concourses of ee : ne 
from all lands. Such concourses had begun to be decries 
scientifically developed and sedulously cultivated, Starting ca 
research establishment of Sagres set up in 1419 by Prince 
Henry the navigator. And even while envying and trying to 
acquire the technologies involved, we failed to understand the 
basic interrelation between Science and Technology. As late as 
1799, when Selim III did introduce modern studies of algebra, 
trigonometry, mechanics, ballistics and metallurgy into Turkey, 
importing French and Swedish teachers, in order to rival the 
European arts of gun-founding, he failed to place emphasis on 
basic scientific research in these subjects, so that Turkey never 
caught up with Europe. Thirty years later, Muhammad Ali 
in Egypt had his men trained in the arts of surveying and 
prospecting for coal and gold mines, but it did not strike him 
or his successors to train Egyptians long-term in the basic 
sciences of geology. And even today, when we have come to 
recognize that Technology is the Sustenance and the Power, 
we have not appreciated that there are no short cuts to its that 
basic science and its creation must become part of our civiliz- 
ation, as a precondition of a mastery of science in eae 
If one was being Machiavellian, one might discern in 
slogan “Technology uivenee Science” sinister motives amone 
those who have sold us this idea. ‘ 
To underline this, let me give just one quotation a 
recent issue of the prestigious London see of solat 
September 1980, writing on the se gre 7 ution to 
energy: “If solar energy 's fo ON" erge {t0 
, isi lution will not em 
the world’s fuel crisis, that solut hich) relY 
low-technology roof-top radiators—(ware® 


Kindi, of Acquiring 


Nineteenth _century (Science 
fom applying quantum 

sciences of the Twentieth c 
industries all depend on new 


hysice cake ‘6 

Physics 1. TOugh ¢,. 

€ntur T lOchemist ‘wl COme 

Science,» ay Ny technolo met 
~baseg 

Pre-conditions for a Renaissance of Sei 


Is} 
The reason why the Muslims Searched f¢, ” 
or 


sciences—in their Golden Age in the 8th, 9; Ae developed 
k. The Muslims wer, Oth and 11th 


centuries—is not hard to see 

repeater injunctions of the Holy Book and ie pollowing the 
(peace pon him), According to Dr Oly Prophet 
Khatib of Damascus University, nothin Mohammaq Aijazul 
importance of science more than the remark th emphasize the 
to 250 verses which are legislative, some 759 va In contrast 
Quran—almost one eighth of it—exhort the belie of the Holy 
Nature—to reflect, to make the best use of reason and to study 
the scientific enterprise an integral part of the emake 
life.”’. 

I do not have to remind this audience of the Proud title of 
the “‘Inheritors of the Prophets” which the Holy Prophet (peace 
be upon him) accorded to the clue , the men of science and 
knowledge. In this context let me remind you that in the 
Arabic language there is no word except “‘ilm” for Science. 


The Holy Quran emphasizes the superiority of the ,)\e, the 
man possessed of science and knowledge: 


Community’s 


Al-Zumar: 


9—Is one who worships devoutly during the no oF te et 
prostrating himself or standing (in adoration), vee Mercy of his 
the Hereafter, and who places his hove th seeaual those who 
Lord — (like one who does not)? Say: ah se who are enduced 
know and those who do not know? It is tho 
with understanding that receive admonition. 


he Holy Book which made 


It was indeed these exhortations of t ily conscious. 
the whole society in Islam scientilice y the pa 

A crucial aspect of this veneration welamic- Arab 
ed to the creation of Sciences in 1° wri 


wealth. To paraphrase what H.A. tion ror sciences: 
Arabic literature to the parallel situ 
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greater extent tha 
n el 
me Was conditiona eed a aly S 
t . 7 ae wees e ib . Cj 
S Rees high Positions. Where area and IeNCeg ; 
Science lost vitality and f IM Society w ONage 4 
Or anoth j orce. But so lo aS AM dea 
: mer princes and ministers foy M8 as in one .. % 
aries In patronising sciences, th is Pleasure, ron 
Ing.” This was true, by and | > Me torch was | ONt or 
this pa : arge, up to the 14 Pt bur 
patronage has lost; symboli th cent i: 
blasting of th > Symbolic of this was the en; TY. Late 
i. & of the Observatory at Istanbul 5 CPlsode of th 
Al orders of Murad Il[—recorded in ac _Tdnanee 
la-ud-din Mansur, the court poet, inthe ant iat : 
grounds that the observatory’s task of correct rentury—on the 
cal tables of Ulugh Beg had been accompli ie the astronom 
no more. And then after this, there mike ts a6 needed 
even so that William Eton, the British Consul to the yon 
Empire would write in the year 1800: “No see - Ottoman 
idea of navigation and the use of the napa as the least 
that great source of expansion and improvement ; » Travelling 
entirely checked b + "ment to the mind is 
rely checked by arrogant spirit of their religion and..} 
the jealousy with which intercourse with foreigners. ..is ae : 
in a person not invested with an official sataeer the i 
man of general science...is unknown: anyone, but a a 
artificer who should concern himself with the founding of 
cannons, the building of ships or the like, would be esteemed 
little better than a madman.” He concludes with the remark, 
with an ominous modern ring: “They like to trade with those 
who bring to them useful and valuable articles, without the 
labour of manufacturing.” 

Can we turn the pages of history back and once again lead the 
world in Sciences? I would humbly like to submit that we can— 
provided society as a whole, and our youth in particular—com 
to accept this as a cherished goal. In keeping with our = 
experience of earlier centuries and the experience of pee 
must remember that there are no short cuts. In a ne are 
of today a nation’s youth have to be fired for it an amt 
commit itself with a passionate commitment; eae: " 
hard scientific training to more than ae ee ofits G 
must pursue basic and applied sciences with '* /o 


f this 
spent on research and development; at I 


east one ce ei 
j i with the 
on pure sciences alone. This was done in Japad 


revolution when the Emperor 
be acquired from wherever 
of the earth. This was don, 
when the Soviet Academy Of Sc; ion sj Orners 
Great, was asked to expand its ae es, cr xt 

Ts and 


too a 
* N Oath 
it ca t 
2 1 be foung from now ledge w; 
N the Sovie U ™ the far Vil 


excelling in all sciences. Today et ter the 
community of one million es numbe ition of 
. ee . ists .  < SEIT-20 ver, 

wath ings ae Privileges accor its insta 
0 : €s, 

ne a ae nvy. And this is what - s © Soviet 
: : : i manner at a frantic speed en Undertaken 
Republic of China, with a defined sareet ce by the People’s 

of ¢: 


surpassing the United Kingdom in high energy cone u 
Physics, in 


sciences, in genetics, in Micro-electronics 
and in control of thermo-nuclear energy Th 
cognized that all basic science js relevant 
ntier. In this context one may recall 
GNP of the Islamic-Arab nations exceeds th: : a ny 
at of China, while 
the human resources are not significantly smaller. And China 
has a lead of no more than a few decades over us in Sciences. 
Shall we set ourselves the goal, at the least, of emulating the 
Chinese? ; 
I have spoken earlier of patronage for Sciences. One aspect 
of this is the sense of security and continuity which a scientist- 
scholar must be accorded for his work. Today, an Arab or a 


Pakistani scientist and technologist—and there are more than 
life-long welcome in 


P and 


: : Space 
In fusion physics 


€ Chinese have Te- 
science; that the 


requisite quality. He will have security, 
opportunity for his wor 
ourselves if this is true within 
selves if we discriminate again 
the services of scientists because 
in a country with which our g0ve 
differed. : a Common” 

I have spoken throughout a lect even : Be 
Science for the Islamic 20 the ss of these °° nn : 
may be no political commonwea!t a true T° 


ience Wa 
sight. Such a Commonwealth ee n the great Cent 


+ Sci w 
the great days of Islamic Science, 


st, or eve 
they happen t0 
yt 


ment ma emporarily have 
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like Ibn-Sina and Al-Biruni would naturall ‘tea 
or their contemporary and my broth _» Write in Arat: 
Haitham could migrate from his nativ _ In physics, Ibn. X, 
of the Abbasi Caliph to the Court of hie IN the do ut 
paket, Al-Hakim, sure of receiving respect an the Fatm 
anding the political and sectarian diff homage, 
Were no less acute then than they are now. This Coma Which 
of Science needs conscious articulation, and een nonwealth 
again, both spiritually and physically, both by Us th HON once 
as well as our governments. Today we, the scientists siettist 
Islamic and the Arab countries, constitute a very sm oa the 
munity—one hundredth to one tenth in size, in scientif: 
sources, and in scientific creativity compared to internat Te- 
norms. We need to band together, to pool our Tesources, ve 
growth, could we possibly envisage from 
our governments a moratorium, a compact conferring of im- 
munity, for say the next twenty five years, during which the 
scientists from within this Commonwealth of Science, this 
Ummat-ul Ilm, could be treated as a special sub-community 
with a protected status, so far as internal political and secta- 
rian differences are concerned, just as was the casein the 
Islamic Commonwealth of Sciences in the past? 

And finally, there is the isolation of our scientific effort from 
international science. It is amazing to find that with the excep- 
tion of Egypt, which is a member of sixteen Unions, no other 
Arab or Islamic country uniformly subscribes to more than 
five International Scientific Unions in the diverse subjects of 
science. No international centres of scientific research have 
been created or are located within our confines; few inter- 
national scientific conferences are organized there; very few of 
us, if living and working in our own countries, are privileged 4 
travel to scientific institutions and meetings outside ; such it 
as a rule, is considered wasteful luxury. The situation 1s ea 
better in Arab OPEC countries; it is dismal in mo leave 
Islamic lands. It was this isolation which forced me 0 be 
my country twenty-five years ago, after teaching aes rid 
of years. I had a stark choice: either to remain "4 this is whet 
Pakistan. With anguish in my heart I left. An tional Cent? 
prompted me to propose the creation of an Interna 


Minions 


for Physics in Trieste, SO that éi 
have to make that agonising cho; hers 
United Nations Agencies—JApa 
Arab and Muslim physicist in 
year. With funds for them 
and Islamic sources, 
Italy and Sweden. 
. A nd He Js mot gust the Physical isolation Of the «.;. 
scientist that we suffer from. T ere is al the individual 
the norms of international Science, the Pree Isolation from 
run the scientific enterprise in our countries eae the way we 
ing Manner it is run in the West Or within ie Self-govern. 
scientists in the USSR Academy. We se emivhe omaninity of 
ed system of professional organizations, no edie 
committees, no independent studies of State of art or pt 
no science foundations administered by the Scientists, no Pe 
pendent sources of grants. 
To summarize, the renaissance of Sciences within an Islamic 
and Arab Commonwealth is contingen. upon five cardinal pre- 
conditions: passionate commitment, generous patronage, 
provision of security, self-governance and internationalization 
of our scientific enterprise. 
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Technology in Our Countries 


1 
And this finally brings me to Technology, ae ae 
° aFean) 
Book of Islam placing equal ee ‘of nature, through 
Si (Tafakkur)—on acquiring Masry on of knowledte 
scientific knowledge as much as on the crea ‘ of David and 
The Holy Book holds forth for ae salou of their day. 
; . f the te 

Solomon, with their mastery © 
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relate, except as an exhortation for the future ang 
to be followed by the community. “88 an CXamp 
e 


Al-Hashre 


21 —If We had caused this Qur'an to descend upon 


(O Muhammad) verily hadst seen it humbled, rene ai, thoy 
fear of Allah. Such similitudes coin We for mank; Sunder the 
they may reflect. “n<ind that hap} 
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But what are the obstacles in our so 
the highest proficiency in technology? 
in human history has so much effort and such Magnitud 
funds gone into creating technical facilities in such - = 
duration of time as in the Arab lands during the last a i 
Thus, according to Zahlan, by 1978 more than 400 bil e, 
dollars will have been spent on major technological ae: 
between Arab countries and foreign suppliers. These Dtojoes 
range over hydrocarbons and _ petrochemicals (160 billions) 
civil works including transport (80 billions), industrial plant 
including iron and steel, pharmaceuticals and fertiliser plant 
(40 billion). 

Unfortunately, most of these projects have been executed 
in the technology-free turnkey mode; their execution has had 
no association, no employment of the incipient research and 
development community of Arab men of technology and en- 
gineering. And one of the reasons has been the fragmentation 
of the projects. Thus, according to Zahlan, the 584 projects 
executed by 1976 in the field of petrochemicals, were designed 
by 83 international firms. The projects included 16 for a 
plants; of these: Algeria had 1, Egypt 1, Iraq 2, aie 
Libya 1, Qatar 2, Saudi Arabia 1, Sudan 1, Syria I, and fie 
1. No Arab country or combination of countries in re es : 
Arab Commonwealth had—or now has—the technical a 
provide the design and construction services for arenes 
nor the competence to upgrade these and modify fe 
arises. As contrasted with this, consider Japan . and whic 
lation nearly equal in size to the Arab D eet) years ag0- 
entered the field of petrochemicals machinery tw their minds 
Richt from the outset the Japanese had made up ears every 

: inery: thus, during the last twenty Y"" ihe 
export such machinery; thus, 4. The Ja a 
third Japanese plant has been exported. 
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After all, never before 


h a pop 


panes¢ 


will as well as the competent nie i 
in other non-Arab Islamic count 
sums involved are smaller, 
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ON is no a: 
and > SXcept that 70 different 
executed fewer. the ny 


a re acy the 
Projects 
What is the reason for lack 
attaining future self-sufficiency 
is uniformly the same: the decis 
technical person; our countries 
planner, the administrator; the technologist ise Of the 
decision making. In Pakistan, the Planning = as NO part in 
not have a science and technology cell. Even Ses: does 
a tradition from the British Indian Civil Service : Minit 
that a technologist is incapable of taking any but a 
decisions; his is not the broad vision: he has no ee 
such ajob. We seem not to have noticed that, in Japan, in China, 
in Korea, in Sweden, in France—in all the countries with 
successful records of self-reliant growth—the completest ac- 
cord, participation and involvement exists between the scientist, 
the technologist, and those who run the development ma- 
chinery of the state and the industry, with full trust in each 
Other’s sphere of work. 
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Besides industrial and science-based technology, there is the 
whole area of science in application, in agriculture, in ee 
health, in biotechnology, in energy systems, and ie ve 
The story in all these spheres is the same. J remem . a 
the late Lord Mountbatten once give 4 lecture to 
Society. He was narrating his experience 
working with scientists like Sir Solly mee D atiet vealed 
Nobel Laureate, Lord Blackett. Lord \ : 1939, he Pre 
that at the first meeting with the scientists 


Services ha 
sented to them a list of wart Pree er countbatl® 


specified for the scientists to ies vresentatio fe 
Solly Zuckerman simply laughing ‘i vu think are 
saying: “Please do not specify ao d your objet oe 
Take us into your confidence, ae les and the prob weet 
define in our own manner the 00S vad solutions * m 
Shall then jointly endeavour [0 ° 


Precise objectives you have set UP. ° 
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The Two Appeals 


Why am I so passionately advocatin 
enterprise of creating knowledge? This i 
has endowed us with the urge to know, this is not jy 
in the conditions of today knowledge is power and st because 
application the major instrument of material pro Sclence in 
also that as members of the international World son tis 
one feels that lash of contempt for us—unspoken neti 
there—of those who create knowledge. ut stl 

I can still recall a Nobel Prize Winner in Physics some ye 
ago from a European country say this to me: “Salam do _ 
really think we have an obligation to succour, aid and kee ai 
those nations, who have never created or added an iota to man’ 
stock of knowledge?” And even if he had not said this, my sel. 
respect suffers a terrible hurt whenever I enter a hospital and 
find that almost every potent life-saving medicament of 
today, from penicillin upwards, has been created without our 
share of inputs from any of us in the Third World, or from 
Arab lands or from Islam. 

I wish to conclude with two appeals—one to my fellow 
scientists both those inside our countries and those outside 
them; and the second to our rulers and our administrators. 
First to my brothers, the scientists. We have rights, as well as 
obligations. We are few in number, the sizes of our communi- 
ties are individually sub-critical. This, however, is not so if we 
band together in an Ummat-ul ilm. The building up of such a 
truly Islamic Commonwealth and the renaissance of Sciences 
in it depends on us, in the last analysis. For all our quantitativ’ 
weakness, let us not be the less ambitious, at least as far as 
quality is concerned, of which there is no dearth yo ena 
opportunities present themselves. I repeat to you wha 


Abdul Nasser said: 
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“Raise your head in pride and self-esteem.” 

i 6 I was 

When I joined Cambridge as an undergraduate Lae ot 

older than my contemporary British students. I ace fro 

science than they did. But they possessed an aie n, Dita 
belonging to the nation of Newton, Maxwell, Da 


il that in your past, to 
sie Al-Biruni, Assume thar ee like Ibn. 
facilities all the resources, you wa 
Science. Assume _ your applied Tesearc 
Assume that you will have Self-governanc 
munities and involvement IN your Society 
ment. For those outside, assume that you 
to play your designate roles in bringing this re 
Sciences about. And then make audacious plans for 
institutions and projects and Programmes for 4 
Commonwealth of Science. To Mark this ambi 
ing for my own sub-discipline of physics, if 
a smaller GNP than our countries, 
lead of no more than a few deca 
joining the league of the re of combi 
USSR in building the world s fourth la 
lerator, ahead of Japan; if it can pr 
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China—with a 
and with a Scientific 
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ned Europe and of the 
rgest high-energy acce- 


Oject joining the world 
Tokamak Fusion Reactor Project, INTOR, expected to pro- 


. i illi lars; 
; 15 years and costing 1.5 billion do ars; 
duce tUston . : build the world’s most sensitive 
if the Chinese scientists can ieiceeue Uae) hdd Gas 
' 1 € — . . 
gravitational-wave keane ing the published descriptions ot 
1978—simply from repr w; if India, with a GNP considerably 
these in the Physical Revie te solic “eleseopeasenemiie Tay 
urs, can project rad first deep 
smaller than ours, th Japan, the fir 
ays, and now collaborating wi —a_ project in which 
eee riment for proton decay ur Common- 
underground expe e any reason why o 5; 
I personally rejoice—I do not se Iso contemplate mounting 
wealth of Sciences should feeinologiel poe ad . 
; ics-base the lands 
physics as well as phys s. I do not see why” args 
ithin its confine igious institute 
ae ie t have the most prestigio ower iS presently 
no an 
ees aay hematics. If our own i ae open to research 
subject—Mathe “acts hosted by Us bet ig the ones 0 benefit 
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join as a full member the European Organizat 
Research in Geneva, for an accelerator 
$+ billion dollars, designed to produce 
heavy photons which our unified theo 
why the Turkish-Arab-Islamic aspiration should 4 ; 

ferior. With ambition, and with involvement will come the in. 
tence, for this is Allah’s promise to all those who strive “ome 
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195 — And their Lord hath heard them (and He saith): Lo, [« 
the work of any worker, male or female, to be lost. Yen. nt 
one from another. So those who fled and were driven forth ne 
their homes and suffered damage for My cause, and fought aed 
were slain, verily I Shall remit their evil deeds from them and veril 
I shall bring them into Gardens underneath which rivers flow — i 
reward from Allah. And with Allah is the fairest of reward. 
And now finally I wish to appeal to those responsible for our 
affairs: science is important because of the underlying under. 
standing it provides of the world around us and of Allah’s 
design; it is important because of the material benefits its 
discoveries can give us and finally because of its universality, 
it is a vehicle of co-operation of all mankind and in particular 
for the Arab and Islamic nations. We owe a debt to inter- 
national science, which in all self-respect, we must discharge. 
However, the scientific enterprise cannot flourish without 
your generous patronage as in the past centuries of Islam. The 
international norms of one to two per cent of GNP, would mean 
expenditures of the order of two to four billion dollars annually 
for the Arab and the same amount for the Islamic world on 
research and development, one tenth of this spent on Pe 
science. We need science foundations in our countries, ints 
the scientists, international higher centres of learning W! at 
and without our universities, providing Bae yet 
security and continuity, for men and their ideas. re N a the 
Gibb record that in the fifteenth century 0 : rinces Wit 
scientists were there but there was a dearth of P 


their generous patronage. 
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194 — Our Lord. ‘And give us that w. 
Thy messengers. Confound us n 
Lo.’ Thou breakest not the trust. 
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10. Salam’s Paper on “The 
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“Experiment alone can de 
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matic basis of physics cannot be nce from env? axio 
FOM exper} ; 
ment,” 


—Einstein 
» Herbert Spencer Lecture, Jy 
» June 1933, 


Sec. 1. All science—physics ip 
discovering WHY things h, 
adduced must clearly Be sy iis they do, The WHYS g 
axiomatic, less susceptible to direct renal wniversal, More 
the immediate phenomena we seek to abe paren: than 
well-known, that it is the WHYs of one seaesiien ne - 
often the points of departure for the next, to whom oo - 
WHYs can appear subjective, conditioned by suucledbhc? 
thinking, evel wrong. The glory of science is that this not- 
withstanding, we often arrive at correct predictions—at least 
to the extent of the experimental accuracies achievable and 
often better. I wish to speak about this continuing, ever-sharp- 
ening process about the WHYs of physics in the context of the 
fundamental unification of physical forces on which our gene- 
ration is engaged. 


Particular—ijg Concerned with 


I can summarize my remarks in terms of three propositions: 


(1) The physics of the last century ascribed Its see ee 
to an all-pervading mechanical aether. os gen 
aether, but he substituted for it, apr ET Eastei 
spirit—a dynamical space-time manifold. a e found as mani- 
the deepest WHYs of today’s physics 21° ae basic attributes 
festations of what we choose to assume 2 


ifold. 
of the space-time manifo Icourt of appeal, 


axty is d, our fina -aainte 0 
namics is concerne@, O° rinciple 
iP) Setacasdy p mechanism, the P be traced 


if all else fails, is the Bootstra ~ orinciple a 
self-consistency of the Universe. apn eee: savagely nae 
back to the teleological dictum of caer js as it 1s for W 
ised by Voltaire in Candide— 


else could it be.’’. 
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(3) And finally, there are the Laws of Im 
by Max Born—which all WHYs must res 
impotence—the glory of the physics of the 
sist of not-to-be-questioned admonitions ]i 
conceive of velocities greater than that o 
signals; thou shalt quantize angular mo 
the Planck’s constant (A). 


There are other requirements govering the desiraby 
like economy of concepts and simplicity (Occam’s von hs 
eschewing of over-subtlety, like beauty of the mathemee, like 
be used (which somehow appears linked with its unteas, mo 
efficacy). But these are well-known ideas and do not nable 
elaboration. need 


Potence_ © nam 
pect, These laws eq 
20th centy of 


. "Y¥—con. 
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Sec. 2. To illustrate my remarks, and in particular the ques. 
tioning by one generation of the WHYs_ which led the 
generation before to (relative) truth, consider the Classic 
example of the laws of planetary orbits and celestial gravity 
theory, associated with the names of Kepler, Newton and 
Einstein. 

Kepler, the first man to give a quantitative description of 
laws of planetary motion describes thus how he was led to their 
discovery. 

““God reflected on the difference between the curved and the 
straight and preferred the nobility of the curved.”. . 

““Among bodies, omit... .the irregular ones, and only retain 
those whose faces are equal in side and in angle. There remain 
five regular bodies of the Greeks: cube, pyramid, dodecahed- 
ron, icosahedron and octahedron. ...If the five bodies be 
fitted into one another and if circles be described both inside 
and outside all of them, then we obtain precisely the mo 
six of circles....Copernicus has taken just six orbits * hose 
kind, pairs of which are precisely related by the fact the 
five bodies fit most perfectly into them.”’. 


* ° 6é H n 
Would this type of reasoning be considered “scie 


day?* a 
‘ r ow i 
* Before we dismiss Kepler’s reasoning, reflect on one »roups ascand 
partiality for the eight-fold way, or for the excep io a ming as this par wee 
dates for symmetry groups in particle physics, OF these particula 
usually does from the mathematical “nobility 
structs! 


tific” 0° 


n’s 


Kepler described Copernicus 7 
way with @ staff”. It must have been elit man fer 
in turn had its nemesis in Koest| on this act Of h “cling hig 
a “sleep-walker”’. S'S descr; 

Kepler was followed by Newton pler as 
the entire search for WHY. “But hi ashed hj 


Who w 
h therto Tp 8 hands of 
to discover the cause of. -Btavity fy © Not been abl 
frame no hypotheses. ,, Hypothesis oe Phenomena and ; 
SIS. . has 


mental philosophy,”’, NO place in experi. 
On this attitude of Newton, Einstein had thi 

now realize with special clarity, how hae this to say: “We 

theorists who believe that theory comes 4 ee are those 

experiment. Even the great Newton could ; uctively from 

from this error (Hypotheses non fingo),”, °F free himsett 
But had Newton built no hypothesis 

According to Einstein, he had. This wa 

gravitational charge (m) which occurs 

m,Mo 
(F = ae) exactly equals inertial mass—the quantity of 


into his Sravity theory? 
s the hypothesis that the 
in Newton’s Force Law 


matter contained in the bodies which mutually attract. This is 
the so-called Equivalence Principle. 


Sec. 3. To sce the force of Einstein’s remark about Newton’s 
assumption of the equality of gravitational charge with inertial 
mass, consider a hydrogen atom which consists of a proton and 
an electron. In making up the atom, the electron and the proton 
attract each other both electrically as well as gravitationally. 
The inertial mass of the atom equals proton’s mass plus elec- 
tron’s mass minus the electrical, as well as the eee 
binding energies. The ratio of the summed seer : ae 
ton and the electron to the two varieties of binding ine- 
, - 10-8 « 10747. Now, Eotvos (in the nin 
is of the order of 1 : 107°: ‘on experiment, had in 
teenth century) in his celebrated torsion 


inertial 
wath rge does equal iner 
fact demonstrated that aomate a atom for example, 


—8 : 1) contributes a ie 
tional binding energy: | 


the tiny relative number (I 
binding—also affect inertia 
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equally? What would Newton say: 


182 


Finstein’s own answer was unambiguous. His Wy 
existence of the gravitational force ascribes this for Y for the 
time dynamics, to the curvature of the four dimenes 10 space. 
time. His theory incorporates a “strong equivalence”. Nal space, 
tional charge with inertial mass. But there were rival : Tavita, 
like those of Brans-Dicke’s extension of Einstein’ Pories— 
denied this equivalence so far as the gravitational fn Which 
energy is concerned. According to these theories, a coral 
relative 10~47 would not show up in the gravitational ie 


The issue between Einstein and Brans-Dicke was joined, ; 
March 1976, in two beautiful experiments, independent, 
carried out by two teams; one led by Shapiro, the ther: 
Dicke himself. These epic experiments consisted of feasuei 
the mean (Kepler) positions of the earth and the Moon . 
+ 30cms. through lunar laser ranging measurements, For 
heavenly test bodies as massive as these, the relative ratio of 
the gravitational binding energy to the total mass is in excess 
of 10—!2:1 (and not the miserable, unmeasurable ratio 10~47-| 
obtaining for the hydrogen atom). 


To nobody’s surprise—except perhaps to Dicke’s— 
Einstein’s strong equivalence principle proved to be correct. 
Dicke’s own theory must be discarded, at least to all reason- 
able values of a new, adjustable parameter in his theory.* 


To summarize, Kepler, Newton and Einstein each started 
with a different WHY for broadly the same set of phenomena. 
(To be more precise, Newton disclaimed any attempt at formu- 
lating a WHY for gravity theory—even though he apparently 
did build into it an equivalence hypothesis, justified later by 
Einstein’s totally different approach.) Each theory gave predic: 
tions commensurate and better than the accuracies te 
periments then possible. However, at present, de 
approach remains the deepest—and the most enone 
predictive—that we know of for explaining the a se 
the raison behind—one of Nature’s rinse a 
(gravity). Will this for ever be the case? Will this 


*Notice, like old soldiers, theories never die; Se 
Thus, one could still save Brans-Dicke’s theory, DU Other 
an outrageous value for this adjustable ena 
would then be affected but they are (hitherto) untestad’-- 


modifications, extensions 
it even have to be disca. m 
isca © pa 
axiomatic sub-structure? Tded altopethe ne bigge; = 
Einstein believed that th > LOgethe, 
underlying the other ae © discovery 
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ing styles of the offered ee take one mo d given to Pattern 
The example is f, YS at different ome of der. 
rom one of ifferen © Of diffe 
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agnetism. M fund 
ted the existen well 
eet ce of the electroma > You 
; isplacement current” aaa tadiation on th 
re) t e greatest feats of inventive dj Ch he inventeg. This ; basis 
a discovery with few parallels j ISCOvery man has iS one 
in the world we live j ee ae change j Nero 
ae Ive in. Today an A-| t brought about 
: onstrate for you the necessity of a Sa student would 
rom the conservation law of electric re 
himself, went through a tortuous—and eae But Maxwell, 
considered an untenable deduction based ei sate 
model of the aether. In Einstein’s phrase “¢This) scires 
(was) brought about by Faraday, Maxwell and et oo 
ae . fact, half-consciously, and against their will_(be 
ze e) all three of them, throughout their lives considered them- 
es ves adherents of the mechanical theory (of the aether).”. 
otwithstanding this, does anyone here tonight dare feel 
superior to Maxwell? Even after what I just quoted from 


Finstein, listen to his reverence for Maxwell: “Imagine 
Maxwell’s feelings when the differential equations he had 
formulated proved to hi fields spread 


m that the electromagnetic hetcs 
in the form of polarized waves f light. To 


and with the speed 0 ‘ 

few men in the world has such an experience been vouch- 

ear i nd the 
: etism, a 

Sec. 4. Consider now the forces of electromag” Sy ae 


weak and strong, respons! 
usion f 


amenta] fo 5 
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two nuclear forces, 
activity phenomena and for fission ee rmed that the 
Recently, theory suggested and experi magnet mn—just a8 
weak nuclear force com ines with oe ; ands of Faraday 
: : : icity ! 
magnetism combined with ae be single, ® 


and Maxwell a century ago— ii 
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Fe ONEAE force. The secret ot this unificat; 
e extension of the so-called Zauge ideas eo lay in 
electromagnetism) to the weak nuclear force. Th known 


ec 
Of a gauge force is that such forces are Prone atteist 
onal to 


the “charges” carried by the Particles (e.g. Fi. Ss 
= 


m,M, r2 


for electromagnetism Be cen . i 
& M, Fx — for gravity). 


What has been shown is that analogous to the elec 
there exist three weak charges which determine the stre 
the weak nuclear force and that these three charge ee 2 
with the electric—form our components of a “single” as 
each component transformable one into the other, through ah 
operations of the group structure SU(2) xU(1) acting on an 
“internal symmetry space”. I shall attempt to explain what | 
mean, more humanly, in a moment. But to complete the 
Story: The future theoretical expectation is that the strong 
nuclear force is also a gauge force and the corresponding 
Strong nuclear charges will eventually unite with the electro- 
weak charges to make up a single entity, belonging to a still 
“internal symmetry group”, of which the electroweak 
SU(2) x U(1) is a part. From the concept of the electroweak 


tric Charge 


*A crucial role in the demonstration of this electroweak unification was 
played by the ideas of “spontaneous” symmetry breaking. To motivate 
these, one has to invoke self-consistency (my second proposition, see Sec. !) 
and to build in a special type of symmetrical potential into the structure of 
the theory—a potential which (surprisingly enough) yields sone 
with less symmetry than what we started from. This potential ey 
guarantee that the weak nuclear force remains short-range as ae is 
without affecting the long-range character of the erecttomaey aa 
There is a welcome price which one pays for inventing such : sasaki 
one predicts the existence of a hitherto undetected pa ces 
Higgs particle—which is currently being searched for. ae a 
come, for its existence would show that we are on the rig : 
r use an 


ishes ou 
ngu Joso- 


It is this sort of quantitative prediction, which dist! from empty phi 


our version of the self-consistency principle in physics, 
Brook- 


phising. ; e 

iments to demonstrate this have just gone un erway ge-Oxtord 
nese Trvine-Wisconsin and Milan-Turin-CERN-University "0 2 ‘hat the 
collaborations. These are experiments ad arr ovens Hitherto 
proton is unstable with a half-life of the order 0 Oe otyears with tHe une 
proton has been believed to be stable. (Compare DY an yea: 
mentionably tiny life of the Universe (of the order 
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nuclear, £-nuclear—is a Manifestation ae I Ctric, Weak. 


an “internal” symmetry Structure a 
metries of laws of physics for rotations and on ct! sym. 
mation in this mysterious internal Space The ie 
internal space 1s with the familiar space-time Ae os 
of the electric and nuclear charges is with fe ia 
charge—the inertial mass—which oa 


. IS associated w; 
translation-symmetry of the four-dimensional s ee ite 
continuum. pace-time 


The question which arose in the nineteen-thirties when “‘inter- 
nal symmetry spaces” were first invented by Heisenberg and 
Kemmer and which has become more and more insistent with 
the success of gauge ideas is this: Are these “internal spaces” 
purely mathematical constructs, or do they represent realistic 


adjunct to the four dimensional space-time we are familiar with. 

To take one example, one of the attempts currently being 
made is to describe physics in an 11-dimensional space-time. 
Of the 11-dimensions, four are the familiar space-time dimen- 
sions whose curvature is related to gravity and the se 
seven dimensions correspond to an internal Caer ae 
In the theory advanced, the seven dimensions cur 
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of uniting gravity) with the ot 


h 
eventually realized? “t (clectronuctear) forces be 


But one’ idea, which may Or May not work quantita 
question already arises; why the differen tively: 
the four familiar Space-time dimensions and the ses between 
nal ones? Why may the one lot curl in upon themselyen inter. 
the other does not? For the present, we shall make this it 
ble through the self-consistency principle; we shall eas 
potential which will Bent a 
Nill guarantee this as the only stable self. 
Consistent dynamical system which can exist. There will be 
subtle physical consequences of this perhaps, in the form of 
remnants, like the black body radiation which was a remnant 
of the Big Bang. We shall search for these. Even if we find them 
the next generation may perhaps question this entire mode of 
thought—particularly if a small discrepancy with our predic. 
tions is detected—and the cycle of questioning and answering 
might start all over again. Even today, an obvious question 
would be: Why eleven dimensions; why not a wholesome 
number, like thirteen? Or is this once again, due to the opera- 
tion of the Bootstrap, the self-consistency principle? 

There is an alternative suggestion to these extra dimensions 
which seeks to explain charges (other than gravitational) 
within the context of no more than a conventional four di- 
mensional space-time. This suggestion, due to Wheeler, 
Schemberg and Hawking, does not add in new dimensions; it 
instead associates the electric and the nuclear charges to space- 
time topology—space-time Cruyere-cheesiness, worm-holes of 
the granular size of the order of 10~33 cms. The idea is oe 
tive. Topology, you may recall, is concerned with : e of the 
aspects as contrasted with the “differential ar preak with 
present tradition in physics. It thus represen rately and Un- 
the past. Unfortunately—and I say this deliber2 ds, in this 

-. order to provoke some of my friend’, 
gratefully, in © pr hematics of topology, 
audience—my own feeling is that the mather™ d beyond te 
: d, has not progress¢ 
in respect of what we need, loey—as 2 language 
Mobius strip and the Klein-bottle. Topo nan the edifice the 
for physics is not yet capable of ub hat our genera 
physicist may wish to erect on it, Cou ent of a necessary 
tion is defeated by the lack of developm 
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In June 1938, Si 
» Sir George Th 
ef oms 
: seit College, London, deticied i ue 
pea ing of Alfred Nobel, he said: « i 
meated his character led him to. 


of i 
the prestige of science in the eyes of the world....4 
76 AS a Te- 


cipient of Nobel’ i : 
as well as to ere I owe sincerest thanks to them 

I am sure I am echoin ” feeli 
own, in reinforcing ee i ea tinal 
of Nobel’s generosity and its influence of a a es 
prestige of science. Nowhere is this more ed . . 
developing world. And it is in this context that I seeks . 
couraged by the Permanent Secretary of the aa 
fessor Carl Gustaf Bernhard—to say a few words before I turn 
to the scientific part of my lecture. 

Scientific thought and its creation is the common and shared 
heritage of mankind. In this respect, the history of science, 
like the history of all civilization, has gone through cycles 
Perhaps I can illustrate this with an actual example. 

Seven hundred and sixty years ago, a young Scotsman left 
his native glens to travel south to Toledo in Spain. His name 
was Michael, his goal to live and work at the Arab Universities 
of Toledo and Cordova, where the greatest of Jewish scholar 
Moses bin Maimoun, had taught a generation before. 

Michael reached Toledo in 1217 AD. Once in Toledo, ees 
formed the ambitious project of introducing Aristotle a 
Europe, translating not from the original Greek, © : ain. 
knew not, but from the Arabic translation then tauen pnge 
From Toledo, Michael travelled to Sicily, to the Court ° 


ror Frederick II. eederick 
Visiting the medical school at Salerno, chartered st : entick 

in 1231, Michael met the Danish oe Eric 1V 

Harpestraeng—later to become Court Physicia 


Waldemarsson. Henrick hag com 
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the medical canons of the Steat cis. Urce 
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and Avicenna, which Only Michae| the s F Islam, ALRan; 

for him. “ot could ¢ 


> . > Tesent; ; 
finest synthesis of Arabic, Greek, le nting as they 
ship, were some of the most me 
in scientific collaboration, T 


scholars not only from the ric 


Syria, Egypt, Iran and Afghanistan, but also from developing 
lands of the West like Scotland and Scandinavia. Then, as 
now, there were obstacles to this international Scientific con- 
course, with an economic and intellectual disparity between 
different parts of the world. Men like Michael the Scot or 
Henrik Harpestraeng were singularities, They did not te- 
present any flourishing schools of research in their own coun- 
tries. With all the best will in the world their teachers at Toledo 
and Salerno doubted the wisdom and value or taining them fo 
enti is masters coun- 
advanced scientific research. At least one 0 to clipping sheep 
selled young Michael the Scot . go bac 
; loths. 
and the weaving of woollen cloths. haps Ican be 
In respect of this cycle of scientific dispar Pe mental ave. 
more quantitative. George Sarton, in 4 ‘his story of achieve- 
; Science chose to divice . f a century. 
volume History of Sci jasting half a 
ment in sciences into ages, each age | figure. mm 
With each half century ne othe Age of followe 
s . 
450 pc—400 Bc Sarton ca He, of Euclid, entry ° 
by half centuries of Aristoue, © the Chinese hal 
on. From 600 aD to 650 400 AD 
Hsiian Tsang, from ie 350 yeat a 
from 750 AD to 110 the Ages of ie Omar Khayam 
unbroken succession Of | Avicenna, 
Masudi, Wafa, Birun! an nd Persians— ™ est Western © 
Arabs, Turks, Afghans “100 appear tne he honouts 
f Islam. After 11 — but Toes) Moses 
culture of Is Roger Ba 4 (Avertoes) i cipa 
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Maimoun, Tusi and ! jation of bloo 
Harvey’s theory of circu 
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chronicled the history of scientific Creativ 
Spanish Mayas and Aztecs, with their inve 
the calendars of the moon and Venus and of t 
pharmacological discoveries, including quinine, hy 
of the story is the same—one of undoubted 
the Western contemporary correlates. 
for the occasional Nash of seonting ork My es tte 
» like that of 
Beg—the grandson of Timurlane, in Samarkand in 1409 
or of Maharaja Jai Singh of Jaipur in 1720—who correctey 
the serious errors of the then Western tables of eclipses of the 
sun and the moon by as much as six minutes of arc. As it was, 
Jai Singh’s techniques were surpassed soon after with the de. 
velopment of the telescope in Europe. As a contemporary 
Indian chronicler wrote: “With him on the funeral pyre, ex. 
pired also all science in the East.” And this brings us to this 
century when the cycle begun by Michael the Scot turns full 
circle, and it is we in the developing world who turn to the 
Westwards for science. As Al-Kindi wrote 1100 years ago: “It 
is fitting then for us not to be ashamed to acknowledge truth 
and to assimilate it from whatever source it comes to us. For 
him who scales the truth there is nothing of higher value than 
truth itself; it never cheapens nor abases him.” 
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Ladies and Gentlemen, 


It is in the spirit of Al-Kindi that I start my lecture with a 
sincere expression of gratitude to the modern equivalents of 
the Universities of Toledo and Cordova, which I have been 
privileged to be associated with—Cambridge, Imperial College 
and the Centre at Trieste. 
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I, Fundamental Particles, Fundamental Forces and Gaug 


Unification. 
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The Nobel lectures this year are concerne 
relevant to the gauge unification of the electromist : 
with the weak nuclear force. These lectures oe th whom 
with the 100th death-anniversary of -Maxwe ne magnet 
the first unification of forces (electric with 


matured and with who eA i‘ 
also nearly coincide With the Uge theos; I 


: OT les 
of Einstein—the man who Anniversy e tted, hey 
unification of all forces, Bave us the Vision - the birth 
The ideas Of today started fee Ultimate 
gleams in several theoretical eves — tWenty year 
dictive maturity over a decade back ey were brought . » as 
experimental confirmation Some @ An rted to. 
In some senses then SIX Years ago “ceive 


» OUF Story ha 
in the past. In this lecture [ wich 


theoretical gleams of today and ask the 8 ine some of the 
be the ideas to watch for maturity twenty ye Stion if these May 

From time immemorial, man has desired to cont 
complexity of nature in terms of as few RnR Shai the 
as possible. Among his quests—in Feynman’s aaa 
been the one for “wheels within Wheels”—the task of natal 
philosophy being to discover the innermost wheels if any 
such exist. A second quest has concerned itself with the funda. 
mental forces which make the wheels go round and enmesh 
with one another. The greatness of gauge ideas—of gauge field 
theories—is that they reduce these two quests to just one; 
elementary particles (described by relativistic quantum fields) 
are representations of certain charge operators, elaaeia 
to gravitational mass, spin, flavour, colour, es bee 
and the like, while the fundamental forces we the 7 a 
slicker ay ag daar an aoa eae thus of 
ete patie as a which the various 
the forces) by searching for aSINE Sree can be transform- 
charges are components 1n the sens 
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examine the new theoretical 
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material for those that come after.” Providing 
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II. The Emergence of Spontaneously Broken 
SU(2) ; 
Gauge Theory. O00 


I started physics research thirty years ago as an experimental 
physicist in the Cavendish, experimenting with tritium-deute- 
rium scattering. Soon I knew the craft of experimental physics 
was beyond me—it was the sublime quality of patience— 
patience in accumulating data, patience with recalcitrant equip- 
ment—which I sadly lacked. Reluctantly I turned my papers 
in, and started instead on quantum field theory with Nicholas 
Kemmer in the exciting department of P.A.M. Dirac. 

The year 1949 was the culminating year of the Tomonaga- 
Schwinger-Feynman-Dyson reformulation of renormalized 
Maxwell-Dirac gauge theory, and its triumphant experimental 
vindication. A field theory must be renormalizable and be 
capable of being made free of infinities—first discussed Py 
Waller—if perturbative calculations with it are to make a , 

i ith no dimensiona 
sense. More—a renormalizable theory, wi shat the 
parameter in its interaction term, connotes ne vith Paul 
fields represent “structureless” elementary en  saabilty of 
Matthews, we started on an exploration of eno only for 
meson theories. Finding that renormalizabiity cons that 
spin-zero mesons and that these were the ony invented by 
empirically existed Tht seat chillingly euphoric that 
Kemmer, followin’ Yukawe) Or ared as the carriers ° 
with the triplet of pions (consicere 


let) 
- on doub 
strong nuclear force between the proton neutr 
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force which igs TeSPonsible for fy io Particula, 
token, the so-calleg weak nuclea; forces. ° © Same 
for B-radioactivity (and describe then 4 oe "eSPonsible 
normalizable theory) haq to be Mediated 4 : ous ae 
spin-zero mesong jf it was to be re Tmaliza er a 
charged Spin-one ME€sons were tO mediate this interaction - 
theory would be NON-renormali able, accord ; 
then. 


INE to the ideas 


Zero theory for the 
field theory, There 
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Ory was elaborated, 


=>) Tesonance A effectively killed 
it off as a fundamental] theory; we were dealing with a complex 
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Principle Of a gauge symmz2try for clectromagnetis ; 
why is the neutrino Mass zero?” I had then fey ¢ c 
uncomfortable at Peierls, asking for a Ph.D. viva * 
of which he himself said he did not know the «; 
during that comfortless night the 


answer came. Th 
for the neutrino of the gauge symmetry for the pho 
it had to do with the masslessness of the Neutrino, with sym 


metry under the Ys transformation? (later christened “ohn 
symmetry”). The existence of this symmetry for the massless 
neutrino must imply a combination (1+ Ys) or (IY) for the 
neutrino interactions. Nature had the choice of an aesthetically 
satisfying but a left-right symmetry violating theory, with 
neutrino which travels exactly with the velocity of light: or 
alternatively a theory where left-right symmetry is preserved, 
but the neutrino has a tiny mass—some ten thousand times 
smaller than the mass of the electron. 

It appeared at that time clear to me what choice Nature 
must have made. Surely, left-right symmetry must be sacrificed 
in all neutrino interactions. I got off the plane the next morn- 
ing, naturally very elated. I rushed to the Cavendish, worked 
out the Michel parameter and a few other consequences of 
‘5 symmetry, rushed out again, got onto a train to Birmingham 
where Peierls lived. To Peierls I presented my idea; he had 
asked the original question; could he approve of the answer 
Peierls’ reply was kind but firm. He said: “I do not ae 
left-right symmetry is violated in weak nuclear forces at _ 
would not touch such ideas with a pair of tongs. T vpere 
buffed in Birmingham, like Zuleika Dobson, I wondere a 

i lace was CERN in Geneva, 
I could go next and the obvious pla by in Zurich. At 
ith Pauli—the father of the neutrino—nearby I Geneva 
ane di den hut just outside 
that time CERN lived in a woo ao iy drEspagnat, the hut 
airport, Bess in eich was cooked the staple diet of 
contained a gas ring on whic 
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ments were announced show 
indeed violated and ideas simi h left-right sy 
metry Were expressed independ ar to mi 
Yane.? I recei Adently 
g. eceived Pauli’s first so 
24J anuary 1957, Thinking that Pauls 
suitably crushed, I sent him two ste 
the meantime. These contained SUBgesti 
symmetry to electrons and muons nen mens tO extend Chiral 
, 
were a consequence of what has come to be a ihe Masses 
ally spontaneous symmetry breaking. With chital ramet 
for electrons, muons and neutrinos, the only mesons the 
could mediate weak decays of the muo y 


\ we ns would have to car 
spin one, Reviving thus the notion lat 


. of charged intermediate 
spin-one bosons, One could then postulate for these a type of 


gauge invariance which I called the “neutrino gauge”. Pauli’s 
reaction was swift and terrible. He wrote on 30th January 1957, 
then on 18 February and later on 11, 12 and 13 March: “I am 
reading (along the shores of Lake Zurich) in bright sunshine 
quietly your paper...” “I am very much Startled on the title 
of your paper ‘Universal Fermi interaction’ , . .For quite : 
while I have for myself the rule if a theoretician says universal 
it just means pure nonsense. This holds Pati dno 
nection with the Fermi interaction, Out Eee ae a 
you too, Brutus, my Son, come wit t i oy nth 
30 January, he had written: There is 2 ; mi 

type of gauge invariance and that wi ic 

and Mills.... In the latter, of ° , 
exponent” and he gave me me 
Mills’ paper; [Phys- Rev. 905 
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no news to me. This was becau 
en gauge ideas of Max 
of which the proto ‘ymMme 
doublet] had been independently inetd, & Constituted a 
Mine, Ronald Shaw,!9 at Cambridge at the same i ey 
and Mills had written. Shaw’s work is relative} oe Yang 
remains buried in his Cambridge thesi an 


Own; it 
Ss. I must admit 1 y 
. ~ . ° t 
taken aback by Pauli’s fierce Prejudice against univer — 


against what we would today call unification of basic i 
but I did not take this too seriously. I felt this Was a le aoe 
the exasperation which Pauli had always felt at Einasis of 
what formalistic attempts at unifying gravity with ing 
magn tism—forces which in Pauli’s phrase “cannot be ‘cies 
—for God hath rent them asunder”. But Pauli was absolutely 
right in accusing me of darkness about the problem of the 
masses of the Yang-Mills fields; one could not obtain a mass 
without wantonly destroying the gauge symmetry one had 
started with. And this was particularly serious in this context, 
because Yang and Mills had conjectured the desirable renormal- 
izability of their theory with a proof which relied heavily 
and exceptionally on the masslessness of their spin-one inter- 
mediate mesons. The problem was to be solved only seven 
years later with the understanding of what is now known as 
Higgs mechanism, but I will come back to this later. 

Be that as it may, the point I wish to make from this exchange 
with Pauli is that already in early 1957, just after the peer 
of parity experiments, many ideas coming to fruition now, ™ 


started to become clear. These are: 
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Once the Yang- 


were the two members. There were the two alternatives: the 
electroweak unification suggestion, where the electromagnetic 
current was assumed to be this third component; and the rival 
suggestion that the third component was 4 neutral current 
unconnected with electroweak unification. With hindsight, I 
shall call these the Klein!6 (1938) and the Kemmer!? (1907) 
alternatives. The Klein suggestion, made in ae 
Kaluza-Klein five-dimensional ee charged mesons 
force: it combined two hypothetical sp! sie compact 


with the photon in one multiplet, a iG 
fication of the fifth dimension, ene ed mesons for sirané 
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and Ward and Myself 20 


estion of a global SU(2) ; in late 
nis daesage by Bludman2! 
OW matters stood till 1960 context and this j 

: is 


To give you 
; the flavour of, f 
; , fore 
sa paper written that year b oe the year 1960 th 
statement: “‘Our basic postul y Ward and myself22 with oi 
generate strong, w iis os is that it should be ae 
with all thei ‘. e ectromagnetic intera i : 
€ir correct symmet ; ction terms 
clues re i 7 . Ty properties (as well as yj 
garding their relative strengths) b as with 
transformations on the kinetic energy t eer a oes 
gian for all particles. This is the ns aor 
this soaper-arlexéis ieconly ment of an ideal which, in 
laying a clai y very partially realized”. I am 
ying a claim that we were the only ones wh ck 
this, but I just wish O were saying 
J ish to convey to you the te ; 
of twent a mper of the physics 
y years ago—qualitatively no different today from 
then. But what a quantitative difference the next twenty years 
made, first with new and far-reaching developments in theory— 
and then, thanks to CERN, Fermilab, Brookhaven, Argonne 
Serpukhov and SLAC in testing it! 
So far as theory itself is concerned, it was the next seven years 
between 1961-67 which were the crucial years of quantitative 
comprehension of the phenomenon of spontaneous symmetry 
breaking and the emergence of the SU(2) x U(1) theory in a 
form capable of being tested. The story is well known and 
Steve Weinberg has already spoken about it. So I will give the 
barest outline. First there was the realization that the two 
alternatives mentioned above a pure electromagnetic current 
versusa pure neutral current—Klein-Schwinger versus Kemmer- 
Bludman—were not alternatives; they were complementary: 
As was noted by Glashow23 and independently later H 
Ward and myself4, both types of currents and the ee 
ing gauge particles (W* , 2 and Y) wert Naat 
build a theory that could simultaneously accommodate Lee: 
vjolation for weak and parity conservation for the 1 paper 
magnetic phenomena. Second, there was the a ee ; 
of Goldstone?5 in 1961 which, utilizing 4 eae orice © 
interaction between scalar particles, showed Oe eyonett) was 
spontaneous breaking of a continuous interD 
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theory were taken by 
2 (with Kibble at 


We were able to complete the present fo 
SP ontaneously broken SU(2) x U(!) theory so far as leptonic 
weak interactions were concerned—with One parameter sin:Q 
describing all weak and electromagnetic phenomena and with 
one isodoublet Higgs multiplet. An account of this develop- 
ment was given during the contribution32 to the Nobel Sym- 
posium (organized by Nils Svartholm and chaired by Lamek 
Hulthen held at Gothenburg after some postponements, in early 
1968). As is well known, we did not then, and still do not, 
have a prediction for the scalar Higgs mass. 
Both Weinberg and I suspected that this eed are 
to be renormalizable.* Regarding spontan 


; be a | this had earlier been 
Rvs gan theres and Thicy 2? But this subject 


suggested by Englert, 
U(2)x U(1) theory and 


*When I was discussing the fina ane 
its possible renormalizability ve : 
course of lectures at Imperial a eae . 
to be present. I was delighte ! 


: f wh 
since 1958 with persist 


ent questioning ae 5 those © 
on as araiba 
-2) for the mu electro 
measurements on (8-~ 
were, when not only 


the magnituce : conversely 
to weak decays was U 
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was not pursued seriously except i , 
where the actual ost of nice at Utreg 
‘t Hooft33 in 1971, Thi lity Was given 
19 S was elaborated further pee} 

markable physicist the late Benjamin Lee.34 er by that 
Zinn Justin, and by ’t Hooft and Veltmian36 NSE i : 
on the earlier basic advances in Vane Mi ahs 
technology by Feynman,36 Dewitt,37 Fadde oe Cale 
Mandelstam,39 Fradkin and Tyutin,49 Boulwa a F 
Slavnov,43 Strathdee44 and Salam. In Colerns alone 
phrase: ***t Hooft’s work turned the Weinberg. Saint 
into an enchanted prince’. Just before had oe frog 
(Glashow, Illiopoulos and Maiani) mechanism.4s ae GIM 
that the existence of the fourth charmed quark ( es we 
earlier by several authors) was essential to the oa 
tion of the dilemma posed by the absence of ame 
lating currents. This tied in naturally with the understand, ; 
of the Steinberger-Schwinger-Rosenberg-Bell-Jackiw-Adler = 
omaly46 and its removal for SU(2) xU(1) by the parallelism 
of four quarks and four leptons, pointed out by Bouchiat, IIlio- 
poulos and Meyer and independently by Gross and Jackiw,47 

If one has kept a count, I have so far mentioned around 
fifty theoreticians. As a failed experimenter, I have always 
felt envious of the ambience of large experimental teams and it 
gives me the greatest pleasure to acknowledge the direct or the 
indirect contributions of the “‘series of minds’’ to the spontane- ; 
ously broken SU(2)xU(1) gauge theory. My profoundest 
personal appreciation goes to my collaborators at Imperial 
College, Cambridge and the Trieste Centre, John Ward, Paul 
Matthews, Jogesh Pati, John Strathdee, Tom Kibble andt0 
Nicholas Kemmer. ty part of 

In retrospect, what strikes me most about the early p 


ach 
this story is how uninformed all of us lene ae Silt | 
, ork done eatlier. FOr ¢ ae 
others Wore DF ee written at Impetial 


in 1972 did I learn of Kemmer’s paper 
College in 1937. 
Kemmet’s argument 
theory was not globally 
so—though not for its 0 
interactions. Then this yeat 
Kemmer’s Ph.D. supervisor, 


tg weak 
essentially was that Fermi’s 


SU(2)-invariant and sho 

wn sake but as a prototyP 1 1936 
I learnt that earliet, j intt0- 
Gregor Wentze 48 ha 


duced (the yet undi 
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reshuffle. And only these to neutra lepto.g 
rescued Oscar Kle; is Summer Cc Currents af; 8, Whose 
Proceedings of va S_ paper fro ecill Jatlskog “itt? 

m 
Cooperation of Patis International Instita hon ty cen 
se » an e 

o 
the ry similar to Yang-Mille-shoo Of his antici, ellectual 
As I indicated before, the | AW’s IONE before op ion Of a 


on this brings me to experiment, and the year of the 
argamelle. I Still remember Paul Matthews and I getting 
off the train at Aix-en-Provence for the 1973 European Confer- 
ence and foolishly deciding to walk with our rather heavy 
luggage to the student hostel where we were billeted. A car 
drove from behind us, stopped, and the driver leaned out. This 
was Musset whom I did not know well personally then. He 
peeped out of the window and said: “Are you Salam?” I said: 
“Yes”. He said: “Get into the car. I have news for you. We 
have found neutral currents.” I will not say whether I ihe. 
more relieved for being given a lift because of our heavy lug: 
: I currents. At the Aix-en- 
gage or for the discovery of neutra 
. d modest man, Lagarrigue, was 
Provence meeting that great an¢ mo 


i at 


least this is how it appeare Oe TD. was kind 
r apporteur’s talk with T.D. Lee as the chairma? 
enough to ask m¢ to com 


. the 

ogesh Pati and I h ification ane 
Summer Jog f what is now called gran a te eak neutral 
the context of W m afraid en guccessfu 


. . [ a 0 
flush of this excitement veady CO ne 
currents as a subject which had al ing of the possid® 
conclusion, 
decays of the proto” 
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experiments are being planned jn 
Brookhaven, Irvine and Michigan a 
gtoups and also by a European collaborat; 

in the Mont Blanc Tunnel Garage No es tO be Mou 
tive work on neutral currents at CERN. E © later duanti " 
haven, Argonne and Serpukhov is, of ae “tmilab,, ae 
special tribute is warranted to the baa history, but , 
CERN experiment5® of 1978 which Saati SLAC. Yai. 
Z0-photon interference in accordance with a the Cffectiy 
the theory. This was foreshadowed by Barkoy Predictions of 
ments5! at Novosibirsk in the USSR in their = ‘ § Experi. 
parity-violation in the atomic potential for eR ee of 
the apocryphal story about Einstein, who was asked a 
would have thought if experiment had not confirmed Me he 
deflection predicted by him. Einstein is supposed to a 
“Madam, I would have thought the Lord has missed ae, 
narvellous Opportunity”. I believe, however, that the follow. 
ing quote from Einstein’s Herbert Spencer Lecture of 1933 
expresses his, my colleagues’ and my own views more accurate- 
ly. “Pure logical thinking cannot yield us any knowledge of 
the empirical world; all knowledge of reality starts from ex- 
perience and ends in it.”” This is exactly how I feel about the 
Gargamelle-SLAC experience. 


the United 
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nd the Wiscones by the 


Ili. The Present and its Problems 


Thus far we have reviewed the last twenty years and the 
emergence Of SU) xUQ), with the twin decor a 
gauge theory of basic interactions, linked with ees 
metries, and of the spontaneous breaking ore a to exist 
I shall first summarize the situation as We agin to the 
now and the immediate problems. Then we 


future. 


S explored, we belt 
“structureless explore 
I of encrat al} othe! 
ies OL W 


1. To the level of energie 
following sets Of particles are 
theoretic sense) and, at least to the 
hitherto, constitute the elementary ©? 


objects are made. 


° u u u 
Family I quarks R, y, B 
aR ‘ d Leptons [ ve | 
, ’ B S 
C ¢ ¢ ° Ye) doublets 
Family II quarks R, Y, B vu 
S S L 
R, y, - CPtons [ ; ] 
t t t 


R, 
Family IIT quarks 5 be? iB Leptons [ y 
R, Y, 8B 
Together with their antiparticles each f. 
Or 16 two-component fermions (15 of 16 de 
the neutrino is massless or not). The thi ‘ family j 
jectural, since the top quark (tR, ' y, 'B) has wane te oO 
covered. Does this family really follow the patter oth ‘i 
two? Are there more families? Does the fact that the families 
are replicas Of each other imply that Nature has discovered a 
dynamical stability about a system of 15 (or 16) objects, and 
that by this token there is a more basic layer of structure under. 
neath?52 


mily Consists of 15 
Pending on Whether 


2. Note that quarks come in three colours: Red (R), Yellow 
(Y) and Blue (B). Parallel with the electroweak SU(2) xU(1), 
a gauge field* theory [SUc (3)] of strong (quark) interactions 
(quantum chromodynamics, QCD)53 has emerged which 
gauges the three colours. The indirect discovery of the (eight) 
gauge bosons associated with QCD (gluons), has already been 
surmised by the groups at DESY.*4 


3. All known baryons and mesons a 
SUc(3). This has led to a hypothesis mt 
confined, One of the major unsolved pro 


re singlets of colour 
hat colour is always 
ms of field theory 


. ies in the last 
* “To my mind the most striking feature of tor al ea of . i 
thirty-six years is the a cess ha sic We 
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Theat nhave in every instanc® Prone iit We live 
ideas...... of a great number of talente ove out. The diene a sise 0 
house and we seem to be unable re" —Res Jost (1963) 9 Ff 
house and a prison is hardly noticea Conference) 
tum Field Theory (Siena E uropeas 
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is to determine if QCD—treated non. 


. er : 
able of confining quarks and gluons. p turbatively__; 


Cap. 
4. In respect of the electroweak SU(2) xU(1 
ectromagnetic Pheno 


m CosQ 
Currently this has been determined from the ratio of neut ' 
to charged current cross-sections. The predicted value i 
for weak iso-doublet Higgs is to be Compared with th 
experimental*) @= 1.00+0.02. 

6. Why does Nature favour the simplest Suggestion in 
SU(2) x U(1) theory of the Higgs scalars being iso-doublet?## 
Is there just one physical Higgs? Of what mass? At present the 
Higgs interactions with leptons, quarks as well as their self. 
interactions are non-gauge interactions. For a three-family 
(6-quark) model, 21 out of the 26 parameters needed, are attri- 
butable to the Higgs interactions. Is there a basic principle, 
as compelling and as economical as the gauge principle, which 
embraces the Higgs sector? Alternatively, could the Higgs 
phenomenon itself be a manifestation of a dynamical break- 


down of the gauge symmetry.** 
*The one-loop radiative corrections to Q suggest that the maximum 
mass of leptons contributing to Q js less than 100 GeV.°° 


#*To reduce the arbitrariness of the Higgs couplings and ‘° mo, 
their iso-doublet character, one suggestion Is to nd biet leptons like 
Supersymmetry is a Fermi-Bose symmetry, so that Le companied in the 
(ve) or(y, #) ina supersymmetric theory must De ace 

e, 


.. : j ated 
ultiplet by iso-doublet Higgs. . . ds associate 
Alternatively one may identify the Higgs as composi sand new forces 
, f elementary Pa “1 at pre 
tates of a yet new level o f which, at P 
‘Dimopoulos & Susskind,57 Weinberg5® an ' Hoo manifest thet 
i whic ig 
we have no cognisance an ideas at first s 
sel a the 1-100 TeV range. Unfortunately, both tne of a wider theorys 
appear to introduce complexities, though i Me ee - S 
ohich spans energy scales upto much higher ’ 


atisfactory theory 
well emerse- 
f the Higgs phenomena, incorporating these, may 
re) 


a ie in i 


7. Finally there is 
distinct SU(2) for the pe 43 . 


: : Tst, the fami... 
third SU(2), with spontaneous nt for the ailies; 'S there 4 
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sae apPrehended by present Mmetry br 
of these “family” SU(2)'s? To sake 
far in energy does the e ate this j 
Are there mores9 70° 
coupled to the e and th 

constitute mini-modifi ott, Systems? (If the 


? Cation 
revolution of its basic ideas.) of the theory, 


In the next section I tur i 
whiehiwentiniartis pas : sect extrapolation Of the ideas 
strong interactions as well. Later I ee ® $0 as to include 
drastic alternatives which may be need ‘ tae tis: 
Alf forces. Gncladic ; e for the unification of 

on & gravity)—ideas which have the 
of providing a deeper understanding of the charge ees 
Regretfully, by the same token, I must also al ah 
technical and obscure for the non-specialist. I apologize for 
this. The non-specialist may sample the flavour of the argu- 
ments with the next section (Sec. IV) ignoring the Appendices 


and then go on to Sec. V which is perhaps less technical. 


IV. Direct Extrapolation from the Electroweak to the Electro- 
nuclear 


4.1 The three ideas 


: tronucleat 
beck : ve gone into the elec 
The three main ideas bees he electroweak with the 


—also called grand-unificatio? - i © cen the peri 41972 
strong nuclear force (and, whic 
1974), are the following: | 
f grouping 
$ chological break Se a aie group 
d le ha in the same multi 60 The GrouP © 
es ag Pati an eet 3): must be nom 
: , ua 
must contain U(2) * prea "0 oul, see and the 
all etd 5 wie e a at ‘ 
family numbe tica 
alae gauge theory asympt0 


1. Frist: the 
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2. Scond: an extension, proposed 5 : 
(1974)6! which places not a (ie ss Glashoy 
leptons but also their antiparticles in the same mult; 3 ang 
unifying group. Uplet of the 

Appendix I displays some examples of the unify; 
presently considered. YING group; 

Now a gauge theory based on a “simple” (or with d; 
symmetries, a ‘“‘semi-simple’’) &toup G contains 0 Slscret 
gauge constant. This constant would manifest itself is a 
above the “grand unification mass” M, exceeding 7 eal 
masses in the theory—these themselves being Hes 
possible) hierarchially through a suitable spontaneou as, 
metry-breaking mechanism. ete 


3. The thrid crucial development was by Georgi, Quinn 
and Weinberg (1974)62 who showed how, using renormaliza- 
tion group ideas, one could relate the observed low-energy 
couplings (i), a(t) (p ~ 100 GeV) to the magnitude of the 
grand unifying mass M and the observed value of sin2A(u): 
[tang is the ratio of the U(1) to the SU(2) couplings}. | 


4. If one extrapolates with Jowett,* that nothing essentially 
new can possibly be discovered—i.e. one assumes that there 
are no new features, no new forces, or no new “types” of 
particles to be discovered, till we go beyond the grand uni- 
fying energy M—then the Georgi, Quinn, Weinberg method 
leads to a startling result: this featureless “plateau” with no 
“new physics” heights to be scaled stretches to fantastically 
high energies. More precisely, if sin26(¢+) is as large as 0.-, 
then the grand unifying mass M cannot be smaller see 
1.3 X 4913 GeV63. (Compare with Planck mass ™p~*1.2” 19 


know today and te 


* The universal urge to extrapolate from what we ell expressed 


believe that nothing new can possibly be discovered, is 
in the following: 
“T come first, My name is Jowett 
I am the Master of this College, 
Everything that is, I know It 
If I don’t, it isn’t knowledge — 
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ur M sin 
= Oia 8M) —sin29(4) 


Rc () 


if it assumed that sj 
; Sin2 = 
energies of the onic. nae = Magnitude of sin 
n 


(see Appendix I1) ifying mass M—~eg °6 for 


uals 3/8 


indication that this assumption is too strong, and that ther. 
’ ¢ 


4.2 Tests of electronuclear grand unification 


The most characteristic prediction from the existence of the 
ELECTRONUCLEAR force is proton decay, first discussed 
in the context of grand unification at the Aix-en-Provence 
Conference (1973).65 For “Semi-simple” unifying groups with 
multiplets containing quarks and leptons only, (but no anti- 
quarks nor antileptons) the lepto-quark oe ue 
masses (determined by renormalization group Aces 
the order of ~ 105—10% GeV.%% For such eee - Ys ne 
teristic proton decays setae Se anne ie. 
lepto-qu conserve quark number + ‘P satan er 

pto-quarks) 029 - 1034 years. On the ¢ 
=qqq-> 4 Zé; ip~ ° 


13 GeV to Mp (and the 


ee i 
ive proximity of M10 ass Mp is now the 


* On account of the relative P iy), Planck ™ 

hope of eventual unification with nate with this large see 
in Particie "tion is the “1a 
* mass scale in nificatio 

aa an unsolved problem cae ) or Mp expen] 
the input, the gre é a? 
Rie ais of ee hierarchies (Mp, *™p, 
where c,,’s are constants. 
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the “simple” unifying family i 
Stoups like SU(5)61 
(with multiplets containing antiquarks or * SO(10)6) 


ext is that investi a 

fying group SUG! 
monic family (qe, 47), 
: modes: P_,3 , a8 well as 
P>¢,P->¢ (e.g P->e—4-n +n. +) and P34 (eg, N-93y 
P->2v e+ 120), the relative magnitudes of these alternati e 
decays being model-dependent on how pre cals 


cisely SU(16) br 
down to SU(3) x SU(2) x U(1). Quite Clearly, it is the cena, 
fact of the existence of the proton decay for which the present 


generation of experiments must be designed, rather than for 
any specific type of decay modes. 


Finally, grand unifying theories predict mass relations like:63 


Md 
Me My m, 


Ms Mp 


ww 2.8 


for 6 (or at most 8) flavours below the unification mass. The 
important remark for proton decay and for mass relations of 
the above type as well as for an understanding of baryon ex- 
cess69 in the Universe,* is that for the present these are 
essntially characteristic of the fact of grand unification—rather 
than of specific models. 


*The calculation of baryon excess in the Universe—atising Hom ac 
nation of CP and baryon number Violations—has reeently ot al, 
to provide teleological arguments for grand uni ca 00 an Nan 
Nanopoulos7° has ree that ihe one ° one and mth 
measure the ratio Np/Dy where np, 


. . bounds 
i i rily imposes Severe 
mbers of photons in the Universe) necessa ‘ 
numbers of p Me (=)? <npln¥<i04 (~o(a2))- 
on this quantity: ie. 10 <\ op ~ 


ds 
. d lower) boun 
f importance in deriving these constraints are thenppe oe lations above, 
Oo i umbers of flavours (a6) deduced (1) from ee mbes of mass 
n ; . 
oy fi mological arguments which seek to im o from numerous 
(2) from na (3) from asymptotic freedom an ck of accelerators a 
less neuten i tive calculations. It is clear tha ics to reliance on ee 
(one-loop) sin energy scale will force particle phys is “often WFOT™ 
ine ‘ ; 
logy and cosmology (which in Landau’s fam 
re) 


ous phrase ! 
but never in doubt’’). 


“Yet each man kill 
anguishedly in his far vv’ ‘hin ‘ 
generations of physi 
also (through a dir 


mous Ballag loves” sang 


: : Car 
Cists before 7 cading Goal 
€ct extra . 


a 
~ ) the numb 
ad hoc parameters needed by the mod °r of presently 


large—22, to compare with 26 of the s 
the humble SU(2) xU(1)xSU 


el is still unwholesomely 
IX-quark model based on 
c(3) ] We cannot feel proud, 


V. Elementarity: Unification with Gravity and Nature of Charge 


In some of the remaining parts of this lecture I shall be ques- 
tioning two of the notions which have gone into the direct 
extrapolation of Sec. IV—first, do quarks and leptons represent 
the correct elementary* fields, which should appear in the 
matter Lagrangian, and which are structureless for renormaliz- 
ability; second, could some of the presently considered gauge 
fields themselves be composite? This part of the lecture relies 
heavily on an address I was privileged to give at the Sri 
Physical Society meeting in Geneva in July this year.® 


5.1 The quest for elementarity, prequarks (preons and pre-preons) 


15). Ids for 

While the rather large number ) of uae! . oe 
the family group SU(5) already makes oy . eee 
56l le, propose 

uneasy, the number ~, for S280 vd or 28 for SU?) 
. . S ——, 

of the three-family tribal group w to the “Omni” 
built with ae 
heel—but it mign 

ost ae the hell it 's 
rs ago I was very 
ae and now it looks 


a recent intervie 


n in ; 
ynma hings are 


*I would like to quote Fe ewe 
magazine: “‘As long as it looks i € eet 
within wheels, then you are lo 
not be that way, in which cas 
you find!”, In the same interv! 
sceptical about the gauge theories. 
like ridges and valleys after all. 


e you 
iew he remarks 
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(see Appx. 1) of which Presumably 3x 15 =45 Me 
low and the rest of Planckian MASS) is positive] ets te of 
there any basic reason for one’s instinctive revulsic aTOque, Is 
with these vast numbers of elementary fields. N when faceg 
The numbers by themselves would pe 
much. After all, Einstein in his description of 
chose to work with 0 fields [ ®uv(x) ] rather than wit 
(scalar field) as Nérdstorm72) had done before hi 
was not perturbed by the multiplicity he chose ¢ 
since he relied on the sheet-anchor of a fundament 
(the equivalence principle)—which permitted hi 
10 fields for gravity fuv with the 10 components of the physical. 
ly relevant quantity, the tensor Tuy of energy and momentum, 
Einstein knew that nature was not economical of Structures. 
only of principles of fundamental applicability. The Question 
we must ask ourselves is this: Have we yet discovered such 
principles in our question for elementarity, to justify having 
fields with such large numbers of components as elementary. 
Recall that quarks carry at least three charges (colour, flavour 
and a family number). Should one not, f ae entertain the 
notions of quarks (and possibly of leptons) as being composites 
of some ae basic entities* (PRE-QUARKS or PREONS), 
which each carry but one basic charge.5?) These ideas a 
been expressed before but they have become saat compu = 
now, with the growing multiplicity of quarks and Lara e 
call that it was similar ideas which led from ia eh ie 
baryons to a triplet of (Sakatons and) quarks _ ae 
The preon notion is not new. In pe a ene 
Salam and Strathdee>- introduced 4 mee and 4 flavours, 
colour corresponding to Sa ape eh the family group 
the basic group being SU(8)—of oh n extension of these 
but a subgroup. As 4 
SU¢(4) xSUc(4) was 
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etic charges 4 

; ons carry magni t 

1acas) WeDo ake a short-range forces, wi 


together by very stro! composi 
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relations like, = => 
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arges. Clearly, Magnetic MOnopolec* 
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electric charges, 


nature will reveal j 


could be a 


3 x 15 = 45 fermi 1 scheme, the 
aX R= ® ons of SU(5)6! can be found among the g 2 


+56 Of SU(8) [or alternatively the 3,,1¢<48 of $0(10) among 
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the vectorial ©° fermions of SU(8)]. (The next succession after 


the preon level may be the pre-preon level). It was suggested 
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at the Geneva Conference64 that with certain d, 

in field theory of composite fields it could be that opments 
pre-preons may suffice. But at this stage thi ust wo 
speculation.) : 
Before I conclude this section, I would like to mak 

tion regarding the course of physics in the next de ade 
trapolating from our past experience of the decades von ~ 

y: 


5.2 Post-Planck physics, supergravity and Einstein’ s dream 
5 


I now turn to the problem of a deeper comprehension of th 
charge concept (the basis of gauging)—which, in my humble 
view, is the real quest of particle physics. Einstein, in the last 
thirty-five years of his life lived with two dreams: One was to 
unite gravity with matter (the photon)—he wished to see the 
“base wood” (as he put it) which makes up the stress tensor 
Tyyv on the right-hand side of his equation Ruv—4 fuyR= -T,, 
transmuted through this union, into the “marble” of 
gravity on the left-hand side. The second (and the comple- 
mentary) dream was to use this unification to comprehend the 
nature of electric charge in terms of space-time geometry in 
the same manner as he had successfully comprehended the 
nature of gravitational charge in terms of spacetime curvature. 

In case some one imagines* that such deeper comprehension 
is irrelevant to quantitative physics, let me adduce the tests 
of Einstein’s theory versus the proposed modifications to it 
(Brans-Dicke77 for example). Recently (1976), the strong 
equivalence principle (i.e. the proposition that gravitational 
forces contribute equally to the inertial and the gravitational 
masses) was tested** to one part in 10!2 [i.¢. to the same 
accuracy as achieved in particle physics for (2-22 ] throveh 
lunar-laser ranging measurements.78 These measurements 
ant here. “We now 
those theorists who 


rience. Even the great Newio’ 
heses non fingo).” This ave 
t the end of Sec. Il. 


*The following quotation from Einstein is relev 
realize, with special clarity, how much in error are 
believe theory comes inductively from expe 
could not free himself from this error (Hypot 
is complementary to the quotation from Einstein a 


he 
. “as t all but t 
**The weak equivalence principle (the Proposition gravitation 
itati i inertia . 
gravitational force contributes nee m F y Dicke at qd Braginsky 


masses) was verified by Eotvos to 
and Panov to 1:10!2. 


determined departures f 
of the moon, the earth and the et equilibriy " 
and triumphantly Vindicateg a to be m 
There have been four ~lnstein, cms, 
Einstein’s dreams: major developments in 
realizing 
(1) The Kaluza-Klein79 
(scalar curvature) in five-dj 


Miracle: 
7 acle: An Einstein Lagrangia 
fifth dimension is compacti 


hed oo SPace-time (where th 
explicitly independent of the ftth reise of all fields being 
: 0-ordi . 
produces the Einstein-Maxwel] theory inf state) Precisely re. 
84.5 (u =0,1,2,3) components of the metri wT dimensions, the 
being identified with the Maxwell field A "ron Sy limensions 
view, Maxwell’s field is associated with ie M this point of 


«aaa; the extra ¢ 
of curvature implied by the (con omponents 
. . ceptual 
dimension. Ptual) existence of the fifth 


(2) The second development is the recent realization by 
Cremmer, Scherk, Englert, Brout, Minkowski and others that 
the compactification of the extra dimensions®0—(their curling 
up to sizes perhaps smaller than Planck length = ,)>—33 cms. 
and the very high curvature associated with them)—might 
arise through a spontaneous symmetry breaking (in the first 
10—43 seconds) which reduced the higher dimensional space- 
time effectively to the four-dimensional that we apprehend 


directly. 


(3) So far we have considered Einstein’s second dream ie 
the unification of electromagnetism (and Pe ene er 
gauge forces) with gravity, giving a Pa vate anes 
gauge charges as corresponding to extence 


uni- 
chat ation of the first dream ( 
bosonic dimensions. A full realizatt d with other gauge 


. ‘ n 
fication of spinor matter with ane . F supergravity®!, ®2 
fields) had to await the develop simensions of SUPE 


. ionic ; 
—and an extension to extra ferm ought into play i0 


ed torsion being br 


space®> (with exten’ I discuss this development later 
addition to curvature). tion by 
: sugges 
was the alternativ® may be 2880" 


(4) And_ finally there 


Jectric charge 
Wheeler’4 and Schembe ele 


rg that 
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ciated with space-time 
- topology—with 
; worm. 
Spacctime Gruyere-cheesiness. This idea ee. les, With 


developed by Hawking* and his collaborators ts matly been 


5.3 Extended supergravity, 


SU(8) pre 
fields Preons and composite Sauge 


Thus far I have reviewed the developments 
Einstcin’s dreams as Teported at the Stockho 
held in 1978 in this hall and organized by the Sw 
of Sciences. 


iN respect of 
Im Conference 
edish Academy 


A remarkable new development was reported during 1979 
by Julia and Cremmer87 which started with an attempt to use 
the ideas of Kaluza and Klein to formulate extended super- 
gravity theory in a higher (compactified) spacetime—more 
precisely in eleven dimensions. This development links up, as 
we shall see, with preons and composite Fermi fields—and 
even more important—possibly with the notion of composite 
gauge fields. 


Recall that simple supergravity! is the gauge theory of 
supersymmetry’8—the gauge particles being the (helicity +2) 
gravitons and (helicity;.3) gravitinos.** Extended  super- 
gravity gauges supersymmetry combined with SO(N) internal 


ee ee ee 


*The Einstein Lagrangian allows large fluctuations of cacy bai 
topology on Planck-length scale. Hawking has suet ie fossa 
nant contributions to the path integral of quantum ai 2 eae 
metrics which carry one unit of topology Per Planck ” : = ee 
of the intimate connection (de Rham, a eta erate abe 
the measures of space-time topology (Euler sr ante peg 
the extended Kaluza-Klein and Wheeler-Hawking P 

d consonance after all. ae 
E ue son A 
nsform ae ce charges 
e currents which 
he gravitin© an 


* Supersymmetry algebra extends Poinc 


x 


a u te d ey he a 
in gau $ y e€ ergrayv 


symmetry. For N= th 
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sists of the following SO 


© triba su 
; Pergray; : 
(8) families:81 57 bay Multiplet con- 


Helicity + ) 


1 
~ANe 
3 
xR 8 
—™No 
= 1 4 
nN 
+ 
= 4 5% 
NY 
0 10 
ia) 


As is well known, SU(8) is too small to 
SU,(3). Thus this tribe has no Place for w (though Zo 
and y are contained) and no places for» or sor thet quark, 

This was the situation last year. This year, Cremmer and 
Julia’? attempted to write down the N=8 Supergravity Lagran- 
gian explicitly, using an extension of the Kaluza-Klein ansatz 
which states that extended supergravity [with SO(8) internal 
symmetry] has the same Lagrangian in four space-time di- 
mensions as simple supergravity in (compactified) eleven di- 
mensions. This formal—and rather formidable ansatz—when 
carried through yielded a most agreeable pee pee 
Sravity Lagrangian possesses an aan pee SO(8) 
internal symmety although one starte 


only. 


contain SU(2) xU (1) 


i i following: 
The tantalizing questions which now arise are the 


f the 
symmetry group OF 
(1) Could this internal SU(8) be al introduced earlier? 


8 preons (3 chromons, 2 flavons, 3 fami 


(2) When SU(8) is i 
baeraere ee ate minimally couple 
mental objects which at 0 
fields of SU(8) to be uae 
made up of the 70 spin-2¢ 
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Do these composit 
es propagate, i P 
recent result in cpn-! ae i. pay with the Well-ky 
field of this form propagates as pga 4 composite a 
onse e 
effects (quantum completion)? ence of Wantum 
eee development I have de 
xtension of SO(8) to SU(8) when extra coninaice 
time dimensions are used ee pactified spa 
sed—and the possible exi eth 
quantum propagation of co i *istence and 
oe mposite gauge fields—js 
crucial importance for the future Prospects of of such 
that one begins to wonder h Bauige theories 
ow much of the extrapolati : 
took SU(2) x U(1) xSU,(3) into the elecironiclear . 
unified theories is likely to remain unaffected by th aa 
ideas now unfolding. eee 
But where in all this is the possibility to appeal direct] to 
experiment? For grand unified theories, it was the ae 
decay. What is the analogue for supergravity? Perhaps the 
spin 3/2 massive gravitino, picking its mass froma super-Higgs 
effect90 provides the answer. Fayet9! has shown that for a 
spontaneously broken globally supersymmetric weak theory the 
introduction of a local gravitational interaction leads to a 
super-Higgs effect. Assuming that supersymmetry breakdown 
is at mass scale Nw, the gravitino acquires a mass and an effec- 
tive interaction, but of conventional weak rather than of the 
gravitational strength—an enhancement by a factor of 10°4. 
One may thus search for the gravitino among the neutral decay 
modes of J/)—the predicted rate being 10-3 — 10° times 
smaller than the observed rate for J/Y—>c te This will surely 
tax all the ingenuity of the great men (and women) at SLAC 
and DESY. Another effect suggested by Scherk?? is anti- 
gravity—a cancellation of the attractive gravitational 
with the force produced by spin-one gravi-photons a 
exist in all extended supergravity theories, Scherk shows i 
the Compton wave length of the gravi-photon 1s either ate 
than 5 cms. or comprised between 10 and 850 metres ae 
that no conflict with what is presently known about the s 


of the gravitational force. 

Let me summarize: it is concel 
indeed a grand Plateau—extendin ‘ 
If so, the only eventual laboratory for partic 
the Early Universe, where we shall have to se¢ 


scribed—the UNsuspecteg 


vable of course, that there 15 


g even to Planck energies: 


le physics WI 


k for the answers 
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to that questions on the natu 


Ph ae re of Charge, There may, 
be the indications of a next level of struc 
there are also beautiful ideas (like, fo 


ture around 10 Tev; 

F example, of electric and 

magnetic monopole duality) which may manifest at energies 
of the order of a-! my (= 19 TeV). Whether even this level 
of structure will give us the final clues to 


the nature of charge, 
one cannot predict. All I can Say is that I am for ever and 
continually being amazed at the depth revealed at each succes- 
sive level we explore. I would like to conclude, as | did at the 
1978 Stockholm Conference, with a prediction which ER. 
Oppenheimer made more than twenty-five years ago and 
which has been fulfilled today in a manner he ae 
see. More than anything else, it expresses the a = he 
future with which this greatest of gree a be ti 

“s i i more...Jfi 

ends : Pee ie uae will be only more se) 
seneee re only more strange and not more familiar, an 
an ’ 


spirit. . 


however, 


APPENDIX I 


EXAMPLES OF GRAND UNIFYING GROUPS 
Semi-simple groups*) 


Multiplet Exotic guage particles Proton decay 
(with left-right q q Lepto-quarks->(q ¢ ) Lepto-quarks + W 
symmetry) Gi-Lé J’ Sr-Le 

L R + (Higgs) or 

Example [SU(6)- G=G, xX Gp Unifying mass~106 MeV | Proton=qqq—>¥¢ ¢ ¢ 
SU(6)¢] _—-R 
Simple groups Diquarks --> (qq) qq+qé i.e. 
q 
Examples b Dileptons + (¢ ¢) 
G -> q 

Family groups—> t 


Proton P = qqq-> ¢ 
SU(5) or+ SO(10) Lepto-quarks(q¢),(q4) 
\ \ L 
Tribal sours {suit 1) + ot 


Also possible, 
Unifying mass~10!3-1015 | P+ ¢, P-»3@, 
GeV P > 324 
* Grouping quarks (q) and leptons (1) together, implies treating lepton number as the fourth colour, i.e. SUg(3) extends to SUg (4) 


(Pati and Salam).93 A Tribal group, by definition, contains all known families in its basic representation. Favoured representations 
Qof Tribal SUC1) (Georgi)94 and Tribal SO(22) (Gell-Mann95 ez al.) contain 561 and 2048 fermions! 
~~! 


es APPENDIX Il 
€ following assumpt; 
: tio i 
formula (1) in the text. PUONS Went into the derivation of the 


a 
: ” sve) XUL, R(L) survive 
ymmetry group from energies au rj ht : 
survival implies that one eschews eee “il aaa 
— ’ ca i 

ae (i) low-energy SU] (2) may be the diagonal hie: a 
SU;(2), SUN (2), where I, IL, I ref os 
7 ee ON » i, Teter to the (three?) 
nown families; (ii) or that the U,, R(1) is a sum of pieces 
where UR() may have differentially descended from a(V ek) 
symmetric SUR(2) contained in G, or (iii) that U(1) contains 
a piece from a four-colour symmetry SU,(4) (with lepton 
number as the fourth colour) and with SU_(4) breaking at an 
intermediate mass scale to SU,(3) x U; (1). 


S Intact as the electroweak 


(b) The second assumption which goes into the derivation 
of the formula above is that there are no unexpected heavy 
fundamental fermions, which might make sin2@(M) differ 
from 2- its value for the low mass fermions presently known 


to exist.* 
w G, one way to infer the parameter sin2@ (M) 


* If one does not kno 
is from the formula; 


=T~ 
3L 9Nq+3NI 
_—— 
a 2 —_—_— = 
n’@(M) = 2 . WN] 
sin’@ xQ muah uark and lepton 


Here Ng and Ne are the numbers - : xist). : “ 
SU(2) doublets (assumine these are ©” _ N, (from the daa ae 
further assumption that Nq = “¢ ) we obtain sin20(M)=$- 
make eee between quarks and leptons for example anomalies 
anomaly cancellation yer is not compulsive; is is the case fof 
This maar i mirror fermions exist. 

cancel also ! 


su@)4 for which sin20(M)= ag" 
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(c) If these assumptions are relaxed, for example, for the 
three family group G = [SUp(6) x SU] LR, where 


sin2§(M) = 5s we find the grand unifying mass M tumbles 
down to 106 GeV. 


(d) The introduction of intermediate mass scales [for ex. 
ample, those connoting the breakdown of family universality, 
or of left-right symmetry, or of a breakdown of 4-colour SU,(4) 
down to SU,(3) xU¢(1)] will as a rule push the magnitude of 
the grand unifying mass M upwards.96 In order to secure a 
proton decay life, consonant with present empirical lower |imits 
(~ 1039 years)97 this is desirable anyway. *proton for M~ 1013 
GeV is unacceptably low ~6 x1025 years unless there are 
15 Higgs). There is from this point of view, an indication of 
there being in Particle Physics one or several intermediate 
mass scales which can be shown to start from around 104 
GeV upwards. This is the end result which I wished this 
Appendix to lead upto. 
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12. Professor Joba Zi 
iman, F.R.S., on “P 
dated 2nd July 1981, rofessor Abdus Salam”, 


PROFESSOR ABDUS SALAM 


Mr. Vice-Chancellor, 


“Only connect!’’, Tha 7 
life and work of Abdus =a pe art ane through the 
Islam, and has dedicated his life to the Sane ae feiwis a 
unity of Nature and the unity of Mankind, As : a a 
pher he has seen that the various interactions of ca Sais 
particles must be no more than diverse oe. aia 
primary force. As a political and moral leader he hs di aa 
trated that the various interactions of nations and cult caus 
no obstacle to the brotherhood of Man in science eo 

In the Faculty of Science, we honour him as one of the fi 
theorctical physicists in the world. In 1950, he was waren 
Smith’s Prize at Cambridge, for an outstanding pre-doctoral 
contribution to physics. Since then he has been continually 
at the working face of the deepest mine that science has ever 
pushed down into the bedrock of reality. He has had a major 
part in every act of the unfolding drama of the discovery and 
understanding of the primary entities of quantum physics. It is 
astonishing that a man who is also so active in public affairs 
should have published some 200 papers on the physics of ele- 
mentary particles, and is still forging ahead in that intensely 

competitive and dynamic intellectual enterprise. 

In fact, he is still so hard at it that I have not dared to engrave 
a tablet of his achievements in physics: tomorrow morning, 
a new experimental observation somewhere might add a whole 
new theory to the list. Salam has the great scientific gift of 
suggesting new, physically realistic, theoretical connections 
that are really worth the effort to confirm. The great theory of 
the electroweak force, for which he shared the 1979 Nobel 
Prize in physics, was first put forward 13 years ago. For, the 
next three or four years it was totally neglected, because of 
apparently insuperable mathematical difficulties. When iets 
had eventually been cleared away, some very delicate exper 


What that theory di 

‘nterachions Rica sass . show that certain well-known 

Ty particles—for 
so-called ‘weak’ force that eventually drive example, the 
decay into a proton and an electron Soild Gere to 
of the much more familiar electromagnetic force es ae 
between all charged particles. It was a hard nut to cae. 
Compared with some of your modern mathematical ohysicists, 
Salam’s methods are slightly old fashioned. But he uses such 
magic sledgehammers as gauge fields and renormalization 
theory with a delicate, practised hand. Faraday and Maxwell 
would have been delighted with his achievement, which is a 
bit like their unification of magnetism itself with electricity, 
more than a century ago. 

It is good to see science unfolding in the traditional manner. 
That was a scientific breakthrough in the old style. It has 
opened the way to yet another revolution in quantum physics, 
with the goal of a grand unification of all the forces of Nature 
now in clear sight. Perhaps this is only 4 mirage—r perhaps 
another of Abdus Salam’s imaginative schemes for the ea 
construction of matter and energy has een i oh ical 
again be confirmed by the observation of a eet phys 

t otherwise be explainec. 
phenomenon that cannot © as is that protons 

One such prediction of his current theori 


in the 
themselves, the building blocks of all nae eae pe 
universe, should not live € 


forever. Just lik Leen 

to lighter 
eventually be driven to transform aa she ae 
particles and radiation, 


by a tiny componen eee 
force. Fortunately, it is @ very small effect: 
; ° . ° . tim 
protons should last a billion, billion 


es as long as the baa 
ich i ittle longer than 
lready existed—which is surely a} 
ii ht tl o master 


fe et all of Salam’s theories, fully, 
it might take—for ™ 
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for myself, and then ex 
assembly. 

Perhaps, Mr. Vice-Chancellor, you will forego that pleasant 
exercise, and accept his world-wide scientific reputation as 
evidence of his eminent worthin 


ess for an honorary doctorate 
in this Faculty. But first, let me present Abdus Salam to you in 


another aspect, as one of the first citizens of the World. He 
might be considered as just a leading British Scientist, having 
been Professor of Theoretical Physics at Imperial College, in 
the University of London, for more than 20 years. But in fact 
he spends a good deal of his time in Trieste, in Italy, and is a 
frequent visitor to the United Nations, in New York. He is a 
sort of one-man multi-national corporation busily transferring 
intellectual technology to the less developed countries of the 
world. 

His homeland is Pakistan, a country to which he remains 
deeply attached. He was born and brought up in the city of 
Shang, not far from Lahore, that ancient paradise of Moghul 
palaces and gardens. From Government College, Lahore, a 
scholarship transported him to Cambridge, where he showed 
his mastery of al! the mathematics and all the physics that 
any undergraduate could be permitted to study, and soon 
had his feet on the swiftly-rising escalator of research. On that 
brilliant early achievement and promise, he went back to 
Lahore as a Full Professor at the very tender age of 25. In fact, 
by ordinary standards of academic succ«ss, he was now all set 
for a comfortable career. 

But the next three years must have been the most miserable— 
and formative—of his life. The old Government College was 
previously one of the leading academic institutions of British 
India—but there was little interest in scientific research. As 
Salam recounts it, the head of the college offered him the 
choice of three college jobs for any spare time he Gs fa 
after his teaching duties. He could become war - ue : 

llege hostel, or chief treasurer of its accounts, or, I he liked, 
resin sident of its football club. He says he 
he cowl ee ll club—though I suspect that 
was fortunate to get the football! clu 
rival clubs didn’t feel that way! 

The most severe deprivation ve) 
contact with fellow scientists work 


plain them very carefully to this 


f those years was the loss of 
ing on the exciting problems 


reasons for the dispiri 
less developed count 


ef; 
Gifted men, from countries 
non or Korea. work ; 


: 800d libraries; 
evhat tliey eee rs ee phe There was no criticism of 
their work fell back Githin fe Bias them too slowly; 
doing before they left the Gaubtae. ey what they were 
institutions at which they had studied eee ae 
Soviet Union. These men were isolated, and oe the 
; : : , solation in 
theoretical physics—as in most fields of intellectual work— is 
ae pattern when I became associated with 
Evena thoroughlyself-winding genius, such as a young Salam, 
could not accept this danger of being slowly buried alive. In 
1954 he came back to England, and was soon established in his 
chair in London. Although he never lost his close personal and 
professional contacts with his home country, and he takes 
special pride in being the first Pakistani to win a Nobel Prize, 
he has not returned to a regular academic appointment in that 
country. ; : 
But Abdus Salam is a man whose heart is as great as his 
mind. The memory of those anguished years of ene 
not turn sour within him: it became the creative kernel of his 


alented young scientists, ee 

eee ae keep themselves from ren death by isolatio 
without having to desert their ee chat he has been Director 

epee : ee or Theoretical Physics at on ic 
een more in that title than the fifty ie ee 
seek apie cee ities and national academies ae we 
ee Aen t of nothing: it is no 
world. He create 
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our times. Scientists fro ‘ 
= i the latest scientinc oo ee ae Trieste 
ing pels a colleagues from both advanced gers 
work quietly in He es fo attend advanced eae 
very bri ibrary, to argue vehemently wit 
y bright young chap from Indonesi ¥ with some 
Standing and insight from a very a Pre acquire under. 
eit It is a bustling railway junction Water from 
ing Out of the handsome buildings it acqui ins, 

ne cquired onl 

years ago, managed by the brilliant improvisati teen 
Staff, and always short of funds. Yet it lives pe ihe 
grows, and serves the whole world of the ae aes os 

How was it done? How did that most car 
professors persuade the hard-headed delegates of I os 
international organisations such as the acmaisat a 
Energy Agency and UNESCO, to put their money into su ae 
out-of-the-way project? How did he so befriend the italian 
Government that they gave such a support in cash and kind 
In these past few years of declining funds and proliferating 
bureaucracy, how has the Centre managed to remain alive 
and flourishing, in the interstices of a system that has brought 

much grander projects to frustration? 

The Trieste Centre was created, and continues to thrive, 
through a singular force—the personal will power of its Direc- 
tor. Let me warn you, Mr. Vice-Chancellor, that Abdus Salam 
is a manifestation of that imaginary concept of mechanics— 
the irresistible force Suppose he asks you to do a little favour 
for him — say a_ three-week visit to the University of 
Viadivostock. You will find you have only three possible 
responses. The first is: “But Abdus that’s completely forbidden 
by my religion. I shall be damned to eternity if I go © 
Viadivostock in August”. The second is: “Very sorry, old chap, 
but all that month I’m absolutely committed to lecturing in 
Bogota”. Most commonly, however, the only senate a 
of freedom is: ‘““Yes—how do I get there?” and 0 sree 
He seems to have that effect on everyone he alate rey fellow 
government officials, international casein purity 
scientists. He impresses and persuades by the | 


i rvice 0 
and singleness of his purpose, put into the sé 


fellow men. 


Originally, the Trieste Cent 231 
science, setting Standards rd was fo 


T the high 
hysics att t" excell eed 
P ys the most advanced level. B €nce for Third Woy 
ath in directing the Centre». ut Salam’s own experi ce 
Thence, 


i i and 
policy-making for aS a partici Xperi 
about 1960 . 1974, taaghe Bovernments paren Science 
os ’ g im to w; istan from 
science f ; ; 0 wide nia 
ree of psa Struggling for a Objectives of 
: Beene - Over the years, the programme of and social de- 

courses, seminars, w orkshops and associateships, 
Trieste has broadened, to fost nd conferences at 


: ° er and coordi ; 
fields of applicable science. Salam speaks wn eee in all 
role of the trained scientist in this development preces eae 
. or 


the need for national and international scientific institut; 
which will make that role disco ad aie ae 
thrown his personal charisma, and the immense prestige ire 
Nobel Prize into a world-wide campaign to establish the 
essential infrastructure, that can give aid and advice to the 
smallest and poorest nations in their efforts towards self- 
development. 

In both spheres of philosophy, natural and social, Abdus 
Salam strives continually to ‘connect’. Along that way he has 
already achieved such a unification of Nature, such a realisation 
of the ideal of human brotherhood, that it is very proper that we 
should do him honour. Mr. Vice-Chancellor, to present 
to you Abdus Salam as eminently worthy of the degree of 


Doctor of Science—honoris causa. 
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13. List of Universities which awarded the Honorary Degree 
of Doctor of Science to Abdus Salam. 


(i) Panjab University, Lahore 


19 
(ii) University of Edinburgh, Edinburgh as 
(iii) University of Trieste, Trieste 1979 
(iv) University of Islamabad, Islamabad 1979 
(v) Universidad Nacional de Ingenieria, Lima .. 1980 
(vi) University of San Marcos, Lima $y 1980 
(vii) National University of San Antonio, Abad, Cuzco 1980 
(viii) Universidad Simon Bolivar, Caracas 3 1980 
(ix) Yarmouk University, Yarmouk - 1980 
(x) University of Istanbul, Istanbul os eo 1980 
(xi) Charles University .. es ss 1980 
(xii) University of Wroclaw ie .. ‘1981 


(xiii) University of Bristol .. oe sh 1981 


14. List of Distinguished 4. 
Wards won by Abd 
J us Salam. 


(i) Hopkins Prize, Cambridge University 
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: j fort 
Outstanding contribution to Physics. du he most 


vs : ; ring 1957- 
(ii) Adams Prize, Cambridge University g 1957-58 1958 


(iii) Sitara-i-Pakistan, s.px. 
(iv) Pride of Performance Medal and Award 
(v) First recipient of Maxwell Medal and ren 
Physical Society, London : 
(vi) Hughes Medal, Royal Society, London 
(vii) Atoms for Peace Medal and Award, Atoms for 
Peace Foundation se a 
(viii) J. Robert Oppenheimer Memorial Medal and 
Prize, University of Miami a 
(ix) Guthrie Medal and Prize, Institute of Physics, 
London .. = . a 
(x) Sir Devaprasad Sarvadhikary Gold Medal, 
Calcutta University .. v 
(xi) Matteuci Medal, Accademia Nazionale di XL, 


Rome “a fe te : 
(xii) John Torrence Tate Medal, American Institute 
of Physics 


(xiii) Royal Medal, Royal Society; London 
I i iaz, Pakistan 
(xiv) Nishan-e-Imtiaz, 2" ea 
(xv) Nobel Prize for Physics; Nobel Foundeuen : 
(xiv) Einstein Medal, eager tae 
ii i Birla Aware, 
(xvii) Shri R.D. : 
ciation =: 
(xviil) Order of Andres Be a 
(xix) Josef Stefan Medal, 1) 


Venezuela 


1958 
1959 
1959 


1962 
1964 


1968 
1971 
1976 
1977 
1978 
1978 
1978 
1979 


1979 
1979 


1979 
1980 
1980 
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15. List of prominent Societies which have elected 
as a Fellow or a Member, 


(i) Elected Fellow of the Royal Society, London, as 
the youngest, 33, Member . 
(ii) Fellow of the Royal Swedish Academy of Sciences 
(iii) Foreign Member of the American Academy of 
Arts and Sciences 
(iv) Foreign Member of the USSR “Academy of 
Sciences . . . 
(v) Honorary Fellow of St. John’s College, 
Cambridge 
(vi) Foreign Associate of the USA National Academy 
of Sciences . 
(vii) Foreign Member of the Accademia Nazionale dei 
Lincei, Rome 
(viii) Foreign Member of the Accademia Tiberina, 
Rome 
(ix) Foreign Member of the Iraqi Academy 
(x) Honorary Fellow of the Tata Institute of Funda- 
mental Research, Bombay 
(xi) Honorary Member of the Korean Physics Society, 
Seoul 
(xii) Foreign Member of the ‘Academy of the Kingdom 
of Morocco ' 
(xiii) Foreign Member of the Accademia Nazionale 
delle Scienze dei XL, Rome 
(xiv) Member of the European Academy of Science, 
Arts and Humanities, Paris 
(xv) Associate Member of the Josef Ste 


Ljubliana 


fan institute, 


Abdus Salam 


1959 
1970 
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1971 


1971 


1979 


1979 


1979 
1979 


1979 


1979 


1980 


1980 


1980 


1980 


About the Author 


ei born in an agriculturist Waraich family in 
the Panjab U ecember 1925, struggled to get his M.Sc. from 
Cale a4 niversity in 1950. He taught Physics at Islamia 

Be, ahore from 1948 to 1954, von his M.Sc. in Nuclear 
Physics from London University in 1957, started post-graduate 
experimental research, as a Ph.D. student from University 
College, London (i.e. UCL), at the Synchro-Cyclotron Accele- 
rator of the European Organisation For Nuclear Research 
(i.e. CERN), Geneva where he first met and developed close 
friendship with Professor Abdus Salam who used to visit 
CERN at that time. 

Dr. Ghani was appointed Research Assistant in the Physics 
Department of University College, ‘London during 1959-60, 
obtained his Ph.D. in 1960, worked as a visiting Scientist (the 
first from Indo-Pakistan) at CERN during 1961-63, became 
the first Director of Pakistan Institute of Nuclear Science and 
Technology (i.e. PINSTECH), NILORE, Islamabad in 1966, 
and went to United States as a visiting Professor to Virginia 
Polytechnic Institute during 1968-70. He was inducted by 
the Federal Government as a Member, Federal Public 
Zervice Commission which he served from 1972 to 1976 
and then was appointed the Chairman, Pakistan Council of 
Scientific and Industrial Research (i.e. PCSIR) for the period 


1976 to 1980. | 
He has published a large number of papers and articles 


the role of science and technology in the 
mic development in Third World countries, 
Peoples Republic of Ch'na. 
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including ones on 
promotion of econo 
with special reference to 


